
A11H1 AjIlD [If BT IlRDI)NESI ONS) INT 0LARGE HGH BYPASS RAIH I
Rl INE AIR RCAF ENGINS U EERA L AION

AIMN IS BAI N ECHN CAL CENTER A ANT CI

A RNG UP8F40 DO AA/T81/C t/2 ti



JJ

1-25



NA

A Study of Bird Ingestions Into
Large High Bypass Ratio

co Turbine Aircraft Engines

Q Gary Frings

September 1984

Final Report

SiP This document is available to the U.S. public
through the National Technical Information8evo Spigfed Virini 2216 1.

Techwwai C woo
Ahle~k City AwWiOrdS NJ06058

126 095

11 lo



NOTICZ

This documat is diseminated under the sponorship of
the Departent of Traeaportation in the interest of
informeation exchge. The United States GCoverewnt
assume no liability for the contest@ or use thereof.

The United States Government does not endorse products
or manufacturers. Trade or mwaufacturers uames appear
herein solely because they are considered essential to
the object of this report.

II

* 1

J-7.2 !



Technical keport Documentation Page

I . No . 2 Go...nn. AccS...n No 3. Rocsp.nev'. C.toog No

4 ? OnO i-41,7 k 5. Repo't Dot*

September 1984
A STUDY OF BIRD INGESTIONS INTO LARGE HIGH BYPASS 6 P9Mm."g O.ge,.3t." Code

RATIO TURBINE AIRCRAFT ENGINES ACT-320

.... . .. .. 0. PE6.m..g Og9n.gfo.n Repo,# No
A.'4o, *

Gary Fringe
9 P.'o n 0,gon, sa*ol Nono and Addess 10 W.k Uno, No (TRAIS)

Federal Aviation Administration DOT/FAA/CT-84/13
Technical Center II Conto€. a, Ge,
Atlantic City Airport, New Jersey 08405

3 Typo of Report end Pe.,od Co.ered

12 Sonvo,-o- Agency Na.e end Add...

U.S. Department of Transportation Final
Federal Aviation Administration May 1981 - June 1983
Technical Center 14 Sonse.n, Agency Code

Atlantic City Airport, New Jersey 08405
I I S pnenmemty N.,..

In order to acquire the date contained herein, contracts were awarded by the FAA
Technical Center to United Technologies, General Electric Company, and Rolls-Royce,

Incorporated.

16 Ab.*..ct

-iFrom Nay 1981 to June 1983. the Federal Aviation Administration (FAA) Technical Center

conducted a detailed study of bird ingestions into Large high bypass ratio turbine
aircraft engines. The worldwide study covered over 2.7 million operations by 1,513
aircraft consisting of the DC8, DCIO, B747, 1757, 5767, A300, A310. and L101. The
objective of this study was to determine the numbers, weights, and species of birds
being ingested into these engines and determine what engine danage, if any, resulted.
This report presents the findings of this study.

4.

17. Key Soode 15. Di*mobution too et mot

'Bird Ingestion CYN56 Document is available to the U.S. Public

Aircraft U.211 through the National Technical Information
bird Flocks JT9D Service, Springfield, Virginia 22161

1 High Bypass ertio Turbine gnSines
I y CIt,.f. 1 *., ,g.91 25. Seuility cie.e. (.9 **. Mig1) J I. No. of Poee 22. P..o

Unclassified Unclassified

. .. . em .T F IN . (87, .pr, , "".... go -e---- Pg .o ... .. ..

MERU- 1.-..... . . -4



ACKNOWLEDGEMENTS

The author wishes to acknowledge the contributions to this document by the
following individuals. Their assistance is appreciated.

Mr. James Davis, Programmer, Federal Aviation Administration

Technical Center

Ms. Roxie C. Laybourne, Ornithologist, Smithsonian Institution,
Washington, D.C.

Mr. Riaz Rana, Statistician, Statistica, Inc., Rockville, Maryland

Mr. Chandler S. Robbins, Patuxent Wildlife Research Center, Laurel,

Maryland

Aer n tion For

,* '

d i

- i

-*#WNW.



TAILE OF CONTENTS

Page

EXECUTIVE SUMMARY K-I

1. INTRODUCTION I

1.1 Background 1
1.2 Objectives 1
1.3 Organization of This Report 1

2. PLANS AND PROCEDURES 2

2.1 Plan Description 2
2.2 Assumptions, Coverage, and Exposure Definitions 2
2.3 Data Adequacy 3

3. DATA ANALYSIS AND RESULTS 8

3.1 Description of Analysis Categories a
3.2 Characteristics of Ingested Bird 8
3.3 Ingestion Rates 16
3.4 Airport Bird Ingestion Experience 22
3.5 Engine Dmage and Failure Description 30
3.6 Probability Estimates of Bird Ingestion Related Events 36

4. SUMMARY 37

5. CONCLUSIONS 39

6. UEFERENCES 41

APPENDICES

A - Comparison of HBPR Engine Aircraft
B - HIVE Engines
C - Statistical Procesures
D - Bird Types, Weights, Ingestion Location, and Codes
9 - Data Base

I - Most Commonly Ingested Bird Species Drawings
G - Airport Identifiers
H N - Engine Damage Pictures

I - Bird Ingestion Events, Operations, and Bird Ingestion Rates

V



LIST OF ILLUSTRATIONS

Figure Page

2.1 Aircraft Distribution 4

2.2 Operational Distribution 6

2.3 Cumulative Distribution of lit and 2nd Year Bird Ingestion 7
Events

2.4 Cumulative Distribution of Revised lot and 2nd Year Bird 9
Ingestion Events

3.1 Worldwide Distribution of Bird Weights 11

3.2 Bird Weight Distribution by Origin of Ingestion 12

3.3 Cumulative Distributions of U.S. and Foreign Bird Weights 14

3.4 U.S. Foreign and Worldwide Bird Ingestion Rates 17

3.5 Bird Ingestion Frequency Versus Engine Position 20

3.6 Engine Positions Which Experienced Bird Ingestions 21

3.7 Phase-of-Flight Versus Number of Bird Ingestion Events 24

3.8 Bird Ingestion Frequency Versus Airports 25

3.9 World Nap-Bird Ingestion Locations 28

3.10 Bird Ingestion Dmuage Codes 32

3.11 Bird Weight, Number Per Ingestion and Engine Failure 34
Distribution

' Vi•I

a " ' . ' " - .



LIST OF TABLES

Table Page

2.1 Aircraft and High Bypass Ratio Engines in Service as of 5
June 30, 1984

2.2 Cumulative Distribution of Ingestion Events for 1st and 2nd 7
Year

2.3 Cumulative Distribution of Ingestion Events for Revised 1st 9
and 2nd Year

3.1 Bird Weight Summary 11

3.2 Weight Distribution of Bird Ingestion Events by Origin 12

3.3 Cumulative Weight Distribution by Bird Origin 14

3.4 Seasonal Definitions 15

3.5 Ingestion Events by Season 16

3.6 Ingestion Rates by Aircraft Type 17

3.7 Summary of Operations, Events, and Ingestion Rates for Known i
Locations (Ingestion Events by Selected Aircraft Types)

3.8 Comparison of Bird Ingestion Rates Based Upon B747 Ingestion 19
Locations

3.9 Aircraft Bird Ingestion Rates Utilizing Only Known Bird 23
Ingestion Location Data

3.10 Aircraft Bird Ingestion Rates Utilizing Combined Known and 23
Unknown Bird Ingestion Location Data

3.11 Geographic Distribution of Bird Ingestion Events 26

3.12 Airport Bird Ingestion Rates 27

3.13 Multiple Engine Ingestion Events 29

3.14 Sus ary of Airport Ingestion Events 30

3.15 Engine Failure Frequencies by Bird Weight and Number of Birds 35

3.16 Non-Failed Engine Frequencies by Bird Weight and Number of 35
Birds

3.17 Ingestion Probabilities of Single and Multiple Birds by Weight 36
* Category

Vii

I ,\



_I

LIST OF TABLES (Continued)

Table Page

4.1 Multiple Engine and Multiple Bird Involvement Analysis 39

4.2 Phase-of-Flight (POF) Analysis 39

t

I

A~I'

4t

': viii



EXECUTIVE SUMMARY

An investigation was initiated by the Federal Aviation Administration Technical
Center in Nay 1981 and completed in June 1983, to determine the numbers, weight,
and species of birds which are ingested into large high bypass ratio (IIBPR) turbine
aircraft engines during service operation and determine what damage, if any,
resulted.

A total of 1513 IBPR engined aircraft conducted 2.74 million operations during the
study period. The aircraft studied were the DC8, DCI0, A300, B747, 8757, B767,
LIOI, and A310.

Because there were at least 2.7 million bird ingestion opportunities and only 638
aircraft bird ingestion events were observed, an ingestion is considered a rare
(2.33 X 10- 4 ) but probable event. This represents 233 bird ingestion events per
million aircraft operations. Approximately 1.25 million HBPR engined aircraft
operations are conducted per year. The monthly distribution of the 638 total
worldwide bird ingestion events are shown in figure E-1.

The most commonly ingested family of birds are gulls (Laridae). The majority of
the 85 bird species identified during this study are flocking birds. The United
States (U.S.) and foreign bird weight distributions are different. The United
States bird ingestion rate is significantly lower than the foreign rate. Seasonal
changes appear to affect the bird ingestion rate. Wing mounted engines experience
significantly more ingestions than center aft mounted engines. Twenty-five
airports account for 36 percent of all reported worldwide bird ingestions, and it
is noted that 76 percent of all bird ingestions occur in the airport environment
during landing and takeoff. The majority of bird ingestions, engine damage, and
engine failures occur in the bird weight range of 9 to 24 ounces. Five percent
(32) of the reported bird ingestions resulted in engine failure. Analysis reveals
that the engine failures cannot be predicted based only on the knowledge of the
bird weight and bird numbers. To accomplish this, one must consider factors such
as damage tolerance assessments, flight dynamics, and others which were not within
the scope of this study. The majority of bird ingestions resulted in either minor
or no damage to the engine.

Significant findings resulting from this study are presented below. The detailed
discussion of these findings are presented in Section 3 of this report.

Aircraft Bird Ingestion (B.I.) events 638
Engines experiencing 8.1. 666
Average bird weight, United States 30 ounces
Average bird weight, foreign 25 ounces
Most commonly ingested bird, United States Gull
most commonly ingested bird, foreign Kite, Gull
Engines which experienced damage (minor and/or major damage) 416
Multiple engine ingestion events per aircraft 25
multiple birds per engine 65
Takeoff and climb phae-of-flight (for known events) 61Z
Approach and landing phase-of-flight (for known events) 36%
Airports where 5.1. events occurred 137
Airlines reporting B.I. events 83

ix
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1. INTRODUCTION.

1.1 BACKGROUND.

National Transportation Safety Board (NTSB) Recommendation A-76-64 was issued April

1, 1976, as a result of an aircraft accident involving a rejected takeoff after "a
number of large birds" were ingested into one of the engines. This recommendation

stated in part"

"Amend 14 CFR 33.77 to increase the maximum number of birds in the
various size categories required to be ingested into turbine engines
with large inlets. These increased numbers and sizes should be
consistent with the birds ingested during service experience of these
engines." (Class III - Longer Term Follov-up)

In response to the Safety Board's subsequent inquiry of July 30, 1980, the Federal
Aviation Administration (FAA) on October 30, 1980, summarized the status of the
work addressing the recommendation made by NTSB. The FAA had made several examina-

tions of NTSB, FAA, and industry engine records to determine the numbers and
weights of birds being ingested into turbine engines with large inlets. These
high bypass ratio (HBPR) engines started to enter airline service early in 1969.

A study of available records was also made by an Ad-Hoc Committee of the Aerospace
Industries Association of America, Inc., in 1978. All of these industry and
Government efforts, relying on available records, did not provide the pertinent
information necessary to make a decision concerning possible revision of the
weights and numbers of birds required to be ingested for engine type certification.

The FAA acknowledged the need for better data relating to the number and weights of
birds being ingested in service operation. Because normal reporting activity was

not providing sufficient information of this kind, the FAA initiated a special
project by the FAA Technical Center. A worldwide data base will be established.
This data base, together with other pertinent information, will be used to deter-
mine if amendment to existing engine certification standards is warranted.

1.2 OBJECTIVE.

The objective of this investigation was to determine the numbers, weights, and
species of birds which are ingested into large high bypass ratio (HBPR) turbine
aircraft engines during worldwide service operation and determine what damage, if
any, resulted.

1.3 ORGANIZATION OF THIS REPORT.

This report has been organized into four major sections. Section I is the Intro-
duction. Section 2, Plans and Procedures, describes the framework utilized in the
conduct of this study. Data Analysis and Results are presented in Section 3.
Sections 4 and 5 present the summary and conclusions of this report, respectively.

IV



2. PLANS AND PROCEDURES.

2.1 PLAN DESCRIPTION.

This study was limited to enigne bird ingestions experienced by large high bypass
ratio (HBPR) turbine aircraft engines during worldwide service operations.

Therefore, the following guidelines were established to structure an overall plan

to conduct this study:

* Worldwide consideration of data
* Familiarity with the engine design criteria
* Proven expertise and prior experience on engine foreign object

ingestion interpretation
Standardized reporting
Minimum impact on the operational fleet

Proven expertise in bird identification
Airline cooperation and understanding of need
Quick response
Report of all known engine bird ingestions

Based on these guidelines, it was determined that the most effective approach would

ne to have the engine manufacturers investigate the bird ingestion incidents on
their respective engines. Manufacturing of large high bypass ratio turbine air-
craft engines is conducted by Pratt and Whitney Aircraft (PWA), General Electric
Company (GE), Rolls Royce, Inc., (RR), and CFM International (CFIEI), a joint
(E/SNECKA corporation. This offered the benefit of the engine manufacturer's
expertise in damage tolerance assessment and will allow them to use their worldwide

service organizations to investigate engine ingestion events quickly.

The infor.aation in this study was obtained by the manufacturers in cooperation with
the Air Transport Association of America (ATA) and the International Air Transport

Association (IATA) and their member airlines. Whenever possible, the engine
manufacturers used the services of a recognized ornithologist to identify the bird
species. This study spanned twenty-six (26) months from May 1981 to June 1983.

2.2 ASSUMPTIONS, COVERAGE, AND EXPOSURE DEFINITIONS.

2.2.1 Assumptions. In order to meet FA information needs as well as data analy-
sis objectives of this study, a framework for the data collection was established.

This framework consisted of the following assumptions:

1. This study will be a census of the worldwide bird ingestion events.
2. A bird ingestion event is a rare but probable phenomenon. Few such

A events are expected.

3. The bird characteristics, i.e., the number, weight, and species must be
determined.

2.2.2 Coverage. The aircraft with HBPR engines in service during the study period
constituted the total population of this study. The four engine models - JT9D

(PlA), CF6 (GE), gB.211 (gR), and CFMf 56 (Cr111) - were arbitrarily assigned a
coding of one through four for the engine identifier. The eight aircraft types
studied were also encoded in the data base but will be identified by name in this
report. The aircraft types are McDonnel-Dougles DCS-70 series and DCIO; Boeing
B747. 5757, 3767; Airbus A300 and A310; and Lockheed LI011.
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A comparison of relative size, shape, and engine position for these HBP engined
aircraft is shown in appendix A. The distribution of these aircraft is shown
in figure 2.1. The engine distribution by make and model for these aircraft are
shown in table 2.1.

2.2.3 Exposure. During the development of the analysis plan, it became apparent
that bird ingestion incidence data by itself will not be useful unless some measure
of exposure is defined. In other words, to understand the magnitude of the bird
ingestion problem it is essential to determine the level to which the aircraft in
table 2.1 was exposed, on a worldwide bases, to potential bird ingestions. To
compare and contrast the bird ingestion rates of the various aircraft types, it was
necessary to determine the total number of operations conducted during the study
period. An "operation," as used in this study, is contrary to normal Federal
Aviation Administration (FAA) practice. A flight, for example, from airport "A" to
airport "B" is counted as one operation. The main source used in determining
numbers of operations was the Official Airline Guide (OAG) computer tapes, which
are updated every month. These tapes were used to identify the airline schedules
and provide data such as aircraft type, departure and arrival airports, frequency
of flight, and domestic/foreign operations. To validate the accuracy of the OAG
operational data, engine manufacturers' data were used as a cross-check. Their
operational count was 6.3 percent higher (163,000 operations) than the OAG data.
Fu'rtner investigation revealed that 92,000 of these operations involved the
7 7 aircraft which is extensively used for freighter operations and, therefore,

not always included in OAG data. The data reported in this study include freighter
operations. Worldwide, approximately 2.7 million operations occurred during the
study period. This constituted the total exposure for the bird ingestion phenome-
non to occur for the worldwide HBPR engined aircraft fleet. The worldwide opera-
tions by aircraft type is shown in figure 2.2.

2.3 DATA ADEQUACY.

In order to determine if sufficient data had been collected to allow conclusions to
be formulated, the following guidelines were established:

Sufficient data to allow a reliable assessment of the bird ingestion
phenomenon.

Sufficient data to conduct a statistical analysis based upon the
numbers, weights, and species of birds.

Sufficient data to conduct a statistical analysis of the engine damage
resulting from a bird ingestion - considering the bird number, weight,
and species.

Sufficient data to conduct a statistical analysis of the year-to-year
variation (if any) of the bird ingestion phenomena.

Based on these guidelines, it was reported at the end of the first year's data
collection effort (reference 1) that the data base at that time appeared to be
inadequate, in most instances, to allow conclusions to be formulated. It was not
known at the time if the first year's bird ingestion data were representative of
the ingested bird population distribution for a typical year. For these reasons,
the data collection effort was extended for another fourteen (14) months. A
comparison of the first and second year's cumulative distribution of ingestion
events is presented in table 2.2 and graphically represented in figure 2.3.

3,
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TABLE 2.2 CUIULATIVr DISTRIBUTION OF INGESTION EVENTS
FOR 1ST AND 2ND YEAR

year I yar 2

mouth avant$ Cos. Meo4th Ivents CM.I

may At 11 1.7 way 32 27 8.7

Jus at 13 14.7 Sus 82 17 14.2

Jul at 24 22.7 Jul 82 13 24.8

Aug 81 47 30.5 Augm 12 32 15.2

Sep at 11 46.8 seap S2 29 44.5

Oct At 44 44.2 Oct 12 30 $4.2

Nov1at 22 71.6 160v 32 II 1 4.2

Dec II I 1 7.1 Dec 82 25 72.1

join 32 15 82.1 jail8 23 79.7

Fab 82 to 35.4 Feb 83 24 87.4

mar362 30 95.7 Mar813 22 94.s

APr 62 13 100.0 Apr 3 17 100.0

Total 299 310

90-

~40
~30
* 20

84.-13-9

FIGUE 2.3 aIMlLATIVE DISTRXIUTION OF IS? AND 2ND YEAR BIRD INGESTION EVENTS
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In order to ascertain whether the bird ingestions event distributions were the same

for both year I and year 2, the non-parametric test of Kolmogorov-Smirnov was
employed. The details of this test are presented in appendix C. The test shows

that at a significant level of five (5) percent, ye can safely state that there is
no difference in the empirical distribution shown in figure 2.3 for year 1 and year

2. Therefore, both of these distributions are drawn from a common parent distribu-

tion. Revised (different time span) first and second year cumulative distributions
are presented in table 2.3 and in figure 2.4. The statistical test cited above
affirms the same conclusion for this revised date as was reached above.

Based upon these results, it was decided not to collect further bird ingestion data
because it was apparent that the data which had been collected were representative
for both years of the worldwide bird ingestion environment for the aircraft types
studied. Had this study been extended one or possible two more years a significant

shift in the bird distribution characteristics would not be expected. Additional
bird ingestion data collection may be required for the newer aircraft and/or engine

models which have recently entered commercial revenue service (DC8-70 series, 8757,
8767, A310) because of their limited exposure history as evidenced by figures 2.1

and 2.2.

3. DATA ANALYSIS AND RESULTS.

3.1 DESCRIPTION OF ANALYSIS CATEGORIES.

The analysis of the data presented in the following sections is confined to five
(5) major categories:

* Characteristics of Ingested Birds
* Ingestion Rates

* Airport Bird Ingestion Experience
* Engine Damage and Failure Description
Probability Estimate of Bird Ingestion Related Events

Various analytical techniques were employed to manage the more than 15,000 pieces
of information collected during the twenty-six (26) months of this bird ingestion

study. These analytical techniques are briefly described in appendix C. The use

of these techniques required only minimal assumptions of the underlying statistical
distributions of these data and only a generalized knowledge of bird habits.
Delineating all the factors relating to bird ingestions contained in the 15,000
pieces of information was not attempted. f

A 3.2 CHARACTERISTICS OF INGESTED BIRDS.

3.2.1 Bird Types. The identification of the types and sixes of birds being
%ingested into high bypass ratio engines was the prime objective of this report.

Appendix D va constructed to give engineers, ornithologists, airport managers,
aircraft flight personnel, and other interested parties in the aircraft engine
bird ingestion phenomenon a standardized description of the order, family,

and species of birds encountered, typical estimated weights, and frequency of
occurrence. References 2, 3, and 4 were used extensively in structuring appen-
dix 0. It was recognised, while constructing this appendix, that conaiderable
weight variations may be found among individual birds of any one species. The

weights shown in appendix D represent an assement of the average weights based on

".S
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TABLE 2.3 CUMULATIVE DISTRIBUTION OF INCESTION EVENTS

FOR REVISED IST and 2ND YEAR

Year I Year 2

month £,ant Cue. It month rventa Cue.

JuI A1 24 it. n Jul 32 11 11.2

Aug at 47 21.3 Aug 37 12 22.n

Rap At 11 4.1 Sao 32 24 11.4

nct At 46 49. Oct 32 10 42.0

Nov 61 22 16.9 Nov 82 31 $2.

Dec at 17 62.$ Dec 82 21 61.0

Jan 32 I 67.s Jan 81 23 66.3

Peb 52 10 70.9 Feb 61 24 76.9

Matr 2 )a $0.9 Nar 83 22 84.4

Apr 32 II 35.1 Apr 31 17 90.2

way 32 27 94.1 may 3 23 9I%.1

Jun 82 17 200.0 Jun $1 it 100.0

Total 299 295

lmin table eacludes first two months of data (namely ApTil 91 and ay 81).

z Do-
O -

6 40-lo
4 . 3 0 -.

41 20 ______ ~" w' 10-
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FIGURE 2.4 CLWfILATIVI DISTRIBUTION OF U9VISD i5t AND 2ND YTAR

BIRD INGESTION EVENTS
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the available information from references 3 and 4, and weight information submitted
by the engine manufacturers on individual bird ingestion events.

During the course of this study, 85 bird species were identified as having been
involved in aircraft engine ingestion*. The overwhelming majority of these species
(79) are flocking birds or birds which group together on the ground (in this case,
the airport) after feeding or while resting. Flocking and grouping birds present
the greatest hazard to aircraft. The most hazardous family of birds, in terms of
aircraft engine ingestions, is Laridae (gulls, etc.) which alone account for 35
percent of all engine ingestions. The gulls are closely followed by Accipitridae
(kites, etc.) which account for 20 percent of all ingestions. Examination of
appendix E shows that two- and three-engine bird ingestions are almost all caused
by flocking bird species.

Appendix F offers a visual perspective of the morphology of the most commonly
ingested birds. The birds depicted in this appendix represent species which have
been ingested five or more times. These birds are shown relative to their sizes
measured from the tip of the bill to the tip of the tail.

It has been possible to validate the bird weight in over 50 percent of the bird
ingestions. Bird remains were collected from the engines by the manufacturers and
sent to the Smithsonian Institution for identification and analysis by an ornitho-
logist. From the remains, the ornithologist not only determined species but in
many cases also sex and maturity. This information, together with location and
time of year, enabled the ornithologist to determine a range of weights for the
bird(s). The majority of bird weights reported in this study are the midpoints of
the range of weights as reported by the ornithologist.

3.2.2 Bird Weight Distribution. Figure 3.1 shows the worldwide distribution of
bird weights and also highlights the average, moot likely, and median bird weights.
The average bird weight per event was calculated by summing all known bird weights
which appeared for each event and dividing this result by the number of events.
The most likely weight is that weight which occurs the most frequently. The weight
at which an equal number of weights occur, both above and below it, is called the
median weight. It should be noted that with the exception of the very heavy, large
birds (vultures, eagles, storks, herons, geese, etc.) which are shown in figure 3.1

as weighing more than 64 ounces (064), the bird weight distribution is very sparse
above 40 ounces (2.5 pounds). Figure 3.1 also shows that a disproportionate number
of events occur at discrete weights. In many of these cases, the weight is
peculiar to certain bird species. For example, 10 and 11 ounces - black-beaded
gulls, silver gulls; 16 ounces - pigeons, rock doves, ring-billed gulls; 20 ounces

4 - crows, black-tailed gulls; 24 and 28 ounces - black kite; 32 ounces - red kite,
a pintail duck, lesser black-backed gull, black kite; 36 and 40 ounces - Serring
40 gull, red kite, mallard duck.
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FIGURE 3.1 WORLDWIDE DISTRIBUTION OF BIRD WEIGHTS

A summary of the bird weights, United States versus foreign is presented in
table 3.1.

TABLE 3.1 BIRD WEIGHT SUMMARY

U.S. Foreign Unknown Worldwide

Number of Events 97 494 47 638

Known Weight Events 66 254 19 339

Average Bird Weight Per Event 30 oz. 25 oz. 20 oz. 26 oz.

Most Likely Bird Weight 40 oz. 11 oz. * 11 oz.

Median Bird Weight 34 oz. 17 oz. 15 oz. Is oz.

• No single weight can be identified (see figure 3.2), observations are limited.

3.2.3 Bird Distribution, United States Versus Foreign. The weight distribution,

by origin of ingestion, is presented in table 3.2 and figure 3.2. The cumulative
weight distribution by bird origin is presented in table 3.3 and figure 3.3.

d To determine if these two bird weight distributions shown in figure 3.3, United

States versus foreign, are similar, an appropriate statistical test the Kolmogorov-
Smirnov (K.S.) two-sample test is applied. This test is concerned with the agree-

sent between two sats of ample values. Two weight amples drams from the save
weight population distribution, should show that the cumulative distributions of
both weight amples may be expected to be fairly close to each other and should
show only random deviations from the weight population distributions. Should the
cumulative weight distributions of the two samples diverge too much at any point,
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TABLE 3.2 WEIGHT DISTRIBUTION OF BIRD INGESTION EVENTS BY ORIGIN

Weight
(oz.) U.S. Foreign Unk. World

1-4 6 13 3 22

5-8 2 19 1 22

9-12 5 66 4 75

13-16 10 29 3 42

17-20 5 22 2 29

21-24 1 29 0 30

25-28 1 21 0 22

29-32 3 20 2 25

33-36 6 6 1 13

37-40 15 13 1 29

41-4 2 0 1 3

45-48 4 2 0 6

49-52 0 2 0 2

53-56 1 1 1 3

57-60 0 0 0 0

61-64 0 0 0 0

>64 5 11 0 16

TOTAL 66 254 19 339
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TABLE 3.3 CUMULATIVE WEIGHT DISTRIBUTION BY BIRD ORIGIN

U.S. Cumulative Foreign Cumulative

Bird Weight Percentage Percentag*

< 5 oz. 9.1 5.1

< 9 oz. 12.1 12.6

(13 oz. 19.7 38.6

(17 oz. 34.8 50.0

<21 oz. 42.4 56.7

<25 oz. 43.9 70.1
(29 o:. 45.5 78.3
(33 03. 50.0 86.2
(37 03. 59.1 66.6
(41 oz. 81.8 93.7
<45 03. 84.9 93.7
(49 03. 90.9 94.5
(53 oz. 90.9 95.3
(57 oz. 92.4 95.7

<61 oz. 92.4 95.7
(65 oz. 92.4 95.7
(240 100 100
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it would indicate that the observations came from different bird weight distribu-

tions. Figure 3.3 clearly shows that large weight deviations exist between the two
observed distributions. The largest deviation, 36.2, occurs at cumulative weight

interval, <29 ounces. At a significance level of 5 percent, the K.S. test shows
that these two distributions are significantly different, that is, the parent
distributions (U.S. and foreign) of bird weights are not the same. The weight
distributions of foreign, United States, and unknown location bird ingestion
events, which were presented in figure 3.2 further enhances this inference.

3.2.4 Seasonal Bird Ingestion Effects. In order to determine seasonal effects on
bird ingestion, three factors had to be taken into consideration. First, the

northern and southern hemispheres experience opposite seasons. Second, aircraft
operational counts increase during the summer months. Third, the operational count

steadily increased during the course of this study, due to the lifting of restric-

tions caused by the air traffic controllers strike of 1981, thereby making it
difficult to compare annual seasonal variations.

The seasons were defined for the northern and southern hemisphres as per table 3.4.
Inspection of the operational data for this study period revealed that, worldwide,

the operational count increased approximately 5 to 10 percent during the summer
sonchs when compared to the winter months. Unfortunately, the operational data by
season for northern and southern hemispheres were not readily available, but it was

determined that the vast majority of aircraft operations for this study were
,onducted in the northern hemisphere.

TABLE 3.4 SEASONAL DEFINITIONS

Season Northern Hemisphere Southern Hemisphere

Spring March - May September - November

Sumer June - August December - February

Fall September - November March - May

Winter December - February June - August

The ingestion events data were divided into two seasonal cycles. The first cycle
contains the ingestion data for the first year of this study (June 1981 - May 1982)
and the second cycle contains the ingestion data for the second year of this study

(June 1982 - May 1983). These two cycles were compared to each other, first in the
northern hemisphere. No seasonal adjustments are necessary for this comparison.
The cycles were then compared to each other for both hemispheres combined (world-
wide) in conformance with the seasonal definitions set forth in table 3.4. The

resulting ingestion events for the northern hemisphere and worldwide (combined
hemispheres) are presented in table 3.5 for each of the two cycles.
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TABLE 3.5. INGESTION EVENTS BY SEASON

Northern Hemisphere

Cycle Summer Fall Winter Spring Total

First Cycle 98 94 40 63 295
Second Cycle 77 88 59 53 277

Total 175 182 99 116 572

Worldwide

Cycle Sumer Fall Winter Spring Total

First Cycle- 100 101 46 63 315

Second Cycle 90 92 64 55 301

Total 190 193 110 123 616

The hypothesis of interest is to determine whether the seasonal ingestion event
distributions for the first cycle and the second cycle are the same. For testing
this type of hypotheses the chi-square test (appendix C) for homogeniety of two
samples was employed. The chi-square values obtained for the northern hemisphere
and worldwide are 6.67 and 4.95, respectively, which are not significant at the 95
percent confidence level. Therefore, we can conclude that there are no difference
between the two seasonal cycles.

However, this does not imply that there are no differences among the seasons within
the cycle itself. In fact, if there were no seasonal effects, the ingestion events
should be evenly distributed among the four seasons. An inspection of table 3.5
indicates that during the winter season the ingestion events are significantly less
than the summer and fall seasons. The statistical test strongly indicates that
ingestion events by season within each of the cycles are heterogeneous and, there-
fore, seasonal effects on the ingestion phenomenon are not negligible.

3.3 INGESTION RATES.

3.3.1 Bird Ingestion Rates, United States Versus Foreign. Engine bird ingestion
rates indicate that the Untied States and foreign bird environments are not the
same. A comparison of United States, foreign, and worldwide bird ingestion rates
are sumarized in figure 3.4. The United States bird ingestion rate is approx-
imately one-third to one-half of the foreign bird ingestion rate, even taking into
account those bird ingestions for which locations are unknown (cross-hatched area).
The fact that the United States operations count is approximately one-third (35.6
percent - table 3.6) of the total worldwide count, does not explain the difference
in the United States versus foreign bird ingestion rates. Examination of table 3.6
shows that the DCIO and L1011 aircraft have approximately equal operations in both
the United States and foreign environments, yet both aircraft types display a
higher (by a factor greater than 2) foreign ingestion rate than United States
ingestion rate. All aircraft types studied exhibited lover ingestion rate while
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operating in the United States environment than in the foreign environment. The
exceptions to this are the 8757 and A310 which did not operate extensively in both
environments during the course of this study.
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FIGURE 3.4 U.S. FOREIGN AND WORLDWIDE BIRD INGESTION RATES

TABLE 3.6 INGESTION RATES BY AIRCRAFT TYPE

Ingestion Events Operations tatas/1OK Operations

Aircraft
Types U.S. f Unk World U.S !ojsuz World U.S. Foreign World

DC8 I 1 0 2 17,047 5,682 22,729 0.59 1.76 0.88

DCIO 25 66 6 97 338,475 354,142 692,616 0.74 1.864 1.40

A300 10 133 1 144 78,841 437,405 516,246 1.27 3.04 2.79

a 5 3747 34 234 29 297 237,754 645,394 $83,150 1.43 3.63 3.36

6 3757 1 0 0 1 3,079 3,321 6,400 3.25 0.00 1.56

5767 3 1 0 4 22,584 2,554 25,136 1.33 3.92 1.59

L1011 23 57 11 91 277,679 311,321 569,000 0.83 1.83 1.54

A310 0 2 0 2 0 3,040 3,040 0.00 6.58 6.56

Total 97 494 47 638 975,459 1,762,861 2,738,320 0.99 2.60 2.33
(15.22) (77.42) (7.41) (100.02) (35.61) (64.42) (100.01)
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The United States ingestion rate is much lower than the foreign ingestion rate.
The statistical test for comparing two Poisson rates (appendix C) indicates that
the difference between the United States and foreign rates, under the assumption
that these rates are equivalent, is highly unlikely. In other words, the differ-
ene noted is not due to random variation but strongly suggests that these rates
describe two distinct Poisson distributions. The United States bird environment
appears to be different from the foreign bird environment. Table 3.7 presents a
summary of these rates.

TABLE 3.7 SUMMARY OF OPERATIONS, EVENTS, AND INGESTION RATES FOR KNOWN
LOCATIONS (INGESTION EVENTS BY SELECTED AIRCRAFT TYPES)

Aircraft Types

DCIO A300 3747 B757 3767 LIOI

U.S.
Operations 256,902 86,530 193,580 1,879 11,158 202,802

Events 21 6 27 1 2 15

Rates/lOK Ops 0.82 0.69 1.40 5.32 1.79 0.74

Foreign

Operations 269,354 329,164 511,205 1,505 2,004 175,288

Events 50 97 167 0 1 40

Ra~es/IOK Ops 1.86 2.95 3.37 0.00 4.99 2.28

NOTE: Airport statistics given in this table pertain to only those airports which
are identified in appendix E. The airports designated (IUS) Unknown United States,
(XFO) Unknown Foreign, and (XXX) Unknown location, are excluded from this table.
No airport operations data were available for the DC8 and A310 aircraft.

3.3.2 Comparison Of Bird Ingestion Rates By Aircraft Type.

3.3.2.1 Engine Position. A unique feature of this data gathering effort has been
the opportunity to study the bird ingestion phenomenon from the standpoint of air-
craft which are engined in three basically different configurations (appendix A).
These configurations are: two-wing mounted engines (A300, A310,1757,767),
two wing- and one tail-mounted engine (DCIO, L101), and four wing-mounted engines
(5747, DC8). It is of interest to determine whether or not the aircraft engine
configuration has an impact on the bird ingestion rate which these aircraft
experience. Table 3.6 presented the bird ingestion rates for these aircraft. This
analysis is confined to the DCIO, A300, 5747, and LI011 for which there is suffi-
cent operational and bird ingestion data. The other aircraft have not been in
service long enough.
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Figure 3.5 presents the bird ingestion location by engine position for the four
aircraft types under consideration. The number 2 (center) engine position of the
DC10 and LIO1 aircraft experienced relatively few bird ingestions when compared to
positions I and 3. The DCIO experienced 97 ingestion events and only one of these
involved the center aft engine (one percent). The LIOI experienced 91 ingestion
events and 9 of these involved the center aft engine (10 percent). Figure 3.5

shows the fairly even distribution of bird ingestions among the four aircraft and
engine locations under consideration. That the center aft engine location of the
DCI0 and LI011 aircraft experience relatively few ingestions indicates that this
phenomenon is engine position dependent. From the bird ingestion phenomena point

of view, these two aircraft types may be considered to have only two engines.

Table 3.6 also showed that the B747 aircraft exhibits the highest bird ingestion
rate of all the aircraft types under consideration. Since the B747 is a four-
engine (all wing-mounted) aircraft, it should exhibit approximately twice the
ingestion rate of the DC10, LIOII, or A300. In order to determine the validity of

such a hypothesis, the operating environment of the B747 was investigated.

It was determined that the 5747 aircraft experienced bird ingestions at 72 known
airport locations. The 5747 bird ingestion rate at these locations was compared to
the bird ingestion rate of the other three aircraft types at the same 72 airports.
Table 3.8 presents this data and shows that the B747 ingestion rate, in its exclu-
sive set of 72 airports, is over twice the rate of the DCIO and LIOII. The ratio
between the A300 and B747 is approximately I to 1.7. This suggests that the 8747,
which has twice the number of wing-mounted engines compared to these other aircraft
types, experiences approximately twice the exposure risk. Thus, it is highly
probable that four wing-mounted engines will result in greater numbers of bird
ingestion events (by a factor of approximately two) than only two wing-mounted
engines while operating in a comparable environment.

TABLE 3.8 COMPARISON OF BIRD INGESTION RATES BASED UPON B747
INGESTION LOCATIONS

DCIO A300 5747 LIOIl1

Operations 344,344 (49.7) 269,617 (52.2) 616,954 (69.9) 249,750 (42.4)

Bird Ingestion 42 51 194 33

Events

Ingestion Rate/ 1.22 1.69 3.14 1.32
"Og Ops. L

4

Note: ( ) denotes percent of total worldwide operations per aircraft type for 26
months.

Figure 3.5 presents a summary of the engine positions which experienced bird
ingestions by aircraft type.
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3.3.2.2 Aircraft Operational Environment. In order to assess the effects of the
aircraft operational environment on the ingestion rates, tables 3.9 and 3.10 were
developed. Table 3.9 addressed only those airport locations where it is known
that an ingestion had taken place. Table 3.10 addresses those airports also,
however, the ingestions which occurred at unknown locations are also included
in this table. For example, it is shown in both tables that the DCIO aircraft
served 114 airports with a corresponding operations count of 526,256. Table 3.9
shows that known location ingestions occurred at only 47 of these airports with a
corresponding operations count of 338,642. Additionally, 71 ingestions can be
attributed to these 47 airports yielding an ingestion rate of 2.10. Continuing
this example for the DCIO, it can be seen that in table 3.10, 97 ingestions were
now attributed to these same 47 airports, yielding an ingestion rate of 2.86.
Adding those DCIO ingestions for which the geographic locations are unknown, under
the assumption that the unknown location ingestions occurred at these airports,
increases the rate.

Tables 3.9 and 3.10 present similar data for the A300, 5747, and LlOI1 . The
ingestion rates shown in these tables reflect those rates which the aircraft
experience in their respective operational environments. Certain airports may or
may not be common to all aircraft types under consideration. In general, the
ingestion rates vary considerably among the aircraft types studied. In other
words, this aircraft operational environmental assessment suggests that there are
considerably different rates that could be attributed to routing structure and many
other factors which were not explicitly examined during this study.

3.3.3 Multiple Engine Bird Ingestion Rates, United States Versus Foreign. There
were a total of 25 multiple engine ingestions, that is, birds were ingested into
more than one engine per aircraft. Twenty-two events occurred whereip two engines
ingested birds. Three events occurred wherein three engines ingesteu birds. The
geographic ingestion location of two of the multiple engine ingestion events is
unknown. Twenty-one of the remaining 23 events occured in the foreign environment,
yielding a foreign ingestion rate of 0.119 ingestions per 10,000 operations. The
United States rate is 0.021 ingestions per 10,000 operations. The foreign multiple
engine ingestion rate is 5.8 times greater than the United States rate.

For comparison, the foreign rate at the end of the first year was 0.116 ingestions
per 10,000 operations while the United States rate was 0.047. This indicates that

the foreign multiple engine ingestion rate has remained relatively constant over
the 2 years of this study. The United States multiple engine ingestion rate has
been halved from the first to the second year because no United States multiple
engine ingestions have been reported during the second year of this study. This
comparison of the United States versus foreign mulitple engine ingestion rates for
26 months, further suggests that the United States and foreign bird environments
are not the same.

A 3.4 AIRPORT BIRD INGESTION EXPERIENCE.

With the exception of those events where the geographic bird ingestion location
is unknown, all remaining ingestions occurred in the airport environment. "Environ-
ment" in this case may be defined as the airport and the airspace imediately above
and adjacent to it. Over 76 percent of all known bird ingestions occur during the
combined takeoff and landing phases-of-flight. These phases-of-flight occur mostly
within the geographical confines of the airport.
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TABLE 3.9 AIRCRAFT BIRD INGESTION RATES UTILIZING ONLY KNOWN
BIRD INGESTION LOCATION DATA

Aircraft Type

DCIO A300 5747 LIOI

Airports Served 114 101 110 88

Operations 526,256 415,694 704,785 378.090

Ingestions 71 103 194 55

Rate/lOK Ops 1.35 2.48 2.75 1.46

Airports Served 47 45 72 32

Where Ingestion Occurred

Operations 338,642 237,570 616,954 239,160

Ingestions 71 103 194 55

Rate/lOK Ops 2.10 4.34 3.14 2.30

TABLE 3.10 AIRCRAFT BIRD INGESTION RATES UTILIZING COMBINED KNOWN AND
UNKNOWN BIRD INGESTION LOCATION DATA

Aircraft Type

DClO A300 3747 LIOIl

Airports Served 114 101 110 88

Operations 526,256 415,694 704,785 378,090

Ingestions 97 144 297 91

Rate/IOK Ops 1.64 3.46 4.21 2.41

Airports Served 47 45 72 32

Where Ingestion Occurred

Operation 338,642 237,570 616,954 239,160

Ingestions 97 144 297 91

late/iOK Op. 2.86 6.06 4.81 3.81
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Over 90 pertent of the bird ingestions WhiLh occurred during the course of this

study, for which the altitudes are knovn, occurred below 3000 feet. Most engine
bird ingestions are encountered when the aircraft is relatively close to, if not
on, the ground. Consequently, the bird ingestion phenomenon suggests an airport
environment problem, at least for the aircraft types investigated during the course

ot this study. The phases-of-flight in which the bird ingestion events occurred

are graphically depicted in figure 3.7. The phase-of-flight data used to generate
this figure are those data reported by the operator of the aircraft. It is

recognized that phase-of-flight definitions vary considerably in the industry,
however, the data are a compilation from many operators and it is assumed that

normal data scatter would tend to mitigate any bias in phase--of-flight definitions.
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From the OAG tapes it was determined that approximately 429 airports worldwide
accommodated the eight aircraft types studied. Sixty-two of these airports are
located in the United States and 367 are in foreign locations. During the course $
of this study, engine bird ingestions were experienced at 22 known United States ,

airport locations and 115 known foreign airport locations. Figure 3.8 lists these

airports along with the number of ingestion events which occurred at each location.
The acronym identifiers for these 137 airports are listed in appendix G. It should
be noted that airport identifiers XUS and XFO denote bird ingestions in United
States and foreign locations, respectively; however, the exact airport where the
ingestion occurred is not known. In addition, the bird ingestion data base
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(appendix E) lists an airport identifier XXX which denotes that the bird ingestion
occurred at a totally unknown location. Often it is known that a bird ingestion
has taken place as evidenced by preflight and postflight inspections of the engines
or during an engine teardown for maintenance. In most of these cases the exact
geographic ingestion location is unknown. It is possible, in many cases, to
determine whether the ingestion occurred in the United States or in a foreign
location by extrapolating the known data such as operations between United States
or foreign city pairs and operator route structures. Utilizing this technique, it
was possible to broadly identify the United States or foreign ingestion location
for 161 of the 208 unknown ingestion locations. The remaining 47 events occurred
at an unknown location (XXX). Table 3.11 lists the geographic distribution of
engine bird ingestion events, including the general locations XUS and XFO.

TABLE 3.11 GEOGRAPHIC DISTRIBUTION OF BIRD INGESTION EVENTS

U.S. Foreign Worldwide

Known Location InRestions 72 358

Extrapolated Location Ingestions 25 136

(xus) (xFo)

Unknown Location Ingestions 47

(xxx)

rotal Ingestions 97 494 638

The geographic distribution of the 430 bird ingestion events where geographic
location is known are shown on the world map, figure 3.9.

As previously stated, the 638 engine bird ingestion events which have been reported
during this study have occurred at 137 airports around the world. This yields a
worldwide airport bird ingestion event rate of 4.65 bird ingestion events per
airport. All airports which experienced 5 or more bird ingestion events during the
course of this study were examined. Results are presented in table 3.12. Analysis
of the data contained in this table shows that 25 airports account for 36.5 percent
of all worldwide bird ingestion events for the aircraft types studied. In addition,
most of these airports are located in 5 distinct geographic areas of the world -

the interior of the Indian subcontinent, extreme Western Europe (including
England), the United States east coast (including the Canadian Great Lakes Region),
the United States and Canadian West Coast, and the islands of Japan. Figure 3.9
depicts these locations as well as other, less frequent bird ingestion locations.
Appendix N lists all airports including bird ingestion events, operations, and
ingestion rates by aircraft type.

In addition, appendix N lists 19 airports which *have experienced multiple engine
ingestions. Twenty-five such events occurred (22 two-engine events and three
three-engine events). Four of the multiple-engine ingestions resulted in at least
se of the engines failing. In one of these cases, two engines failed on a four-
engined aircraft during the approach phase of the flight. This was the only
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TABLE 3.12 AIRPORT BIRD INGESTION RATES

(5 Or More Ingestions)

Airrt Operationa Ingestions ate/OK Ops Rank

LYS 3863 7 18.12 1
TLS 3573 6 16.79 2
HYD 3232 5 15.47 3
Nl3O 7767 8 10.30 4
OUR 5739 5 8.71 5

NGS 5861 5 8.53 6
YUL 7041 6 8.52 7
YVR 9266 7 7.55 8
XII 17013 10 5.88 9
DEL 17190 10 5.82 10

AIS 17279 10 5.79 11
aON 26062 14 5.37 12
PUK 22698 12 5.28 13
ORY 41689 22 5.28 14
70 27501 8 2.91 15

CDG 47054 12 2.55 16
YYZ 24982 6 2.40 17
sg 65874 15 2.28 16
SYD 27631 6 2.17 19
LIA 64731 13 2.01 20

JFK 116769 23 1.97 21
Nl 39167 5 1.28 22
O!A 55474 6 1.08 23
MIA 64913 5 0.71 24
LAX 103027 7 0.68 25

NOTE: See appendix G for airport identifiers.
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two-engine failure determined during this study. None of the three-engine
ingestion events resulted in an engine failure. A summary of the multiple engine
ingestion events are presented in table 3.13.

TABLE 3.13 MULTIPLE ENGINE INGESTION EVENTS

Aircraft Engines Phase Of No. Of Bird
Airport Type Involved Flight Birds Weight (oz.)

AS B747 3 Takeoff -,-,2 8 oz.
BOD A300 2 Takeoff 1,1 32 oz.
BI DCIO 2 Landing -,- - oZ.
CPH D747 2 Approach 1,2 16 oz.
CPH DCIO 2* Takeoff 1,2 14 oz.
DPS 5747 2 Takeoff -,- - oz.
EBB DCIO 2 Takeoff 1,2 40 oz.
EZE B747 2 Takeoff 3.4 13 Oz.
HND DCIO 2 Approach -,- 20 oz.
JED B747 2** Approach -,- 11 oz.
KAN DCIO 2 Landing -,- - oz.
KHI B747 2 Takeoff 1,1 40 oz.
LHE A300 2 Landing 1,1 32 oz.
Lilt LIOll 2 Takeoff 1,1 10 oz.
LHR B747 3 Landing -,-,- - oz.
MEL A300 2 Takeoff 1,1 24 oz.
MEL B747 2* Climb 5,4 20 oz.
MWH B747 2 Approach 1,1 80 oz.
ORY A300 2 Takeoff 2,2 11 oz.
ORY B747 2 Takeoff 1,1 10 oz.
SYD B747 3 Takeoff 2.2,2 11 oz.
YVR B747 2 Landing - ,- - oz.
Z&N B747 2* Takeoff 6,3 13 oz.
XXX DCIO 2 Unknown - o.
XXX B747 2 Unknown 1,3 9 oz.

(*) Represents One Engine Failed
(*'*) Represents Two Engines Failed
(XXX) Unknown Location

S - (-) Unknown
4.

" The location of airports within the aforementioned geographic areas, as well as
other areas of the world, often determines the magnitude of the bird ingestion
problem which the airports experience. Often they are located in bird flyways or
along bird migration routes. The vast open areas of airports are a natural resting
place for the birds in these situations. Although it was not a specifkc objective
of this study to determine why birds often prefer to inhabit the airport environ-
ment, the reports of the engine manufacturers (PWA, GE, RR) in many cases contained
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great detail with regard to the airport environment where a particular bird inges-
tion had taken place. Such factors as the grass height, availability of food,
proximity to bodies of water, number of aircraft operations, number of runways, and
other factors often determine not only the quantity of birds present on the air-
port, but the type of bird as well. Many airports hs, instatuted bird control
programs with varying degrees of success. On the surface it appears that such
programs must be tailored to the particular needs of each airport.

A summary of the information contained in this airport section is presented in
table 3.14.

TABLE 3.14 SUMMARY OF AIRPORT INGESTION EVENTS

Aircraft Types

DCIO A300 8747 5757 B767 LiOI Total

Known Airport
Locations

Operations 526,256 415,694 704,785 3,384 13,162 378,090 2.041.371

Events 71 103 194 1 3 55 427

Rates/lOK Ops 1.35 2.48 2.75 2.96 2.28 1.45 2.09

World

Operations 692.616 516,246 83,150 6.400 25,138 589,000 2,712,550

Events 97 144 297 1 4 91 634

Rates/lOK Op. 1.40 2.79 3.36 1.56 1.59 1.54 2.34

Percent of
Worldwide
Operations at
Known Airport
Locations 76.0 80.5 79.8 52.9 52.4 64.2 75.4

NOTE: Airport statistics are based on 137 airports identified in appendix I.
The the events for Unknown United States (XUS), Unknow Foreign (XO), end Unknown
locations (XXX), are excluded from known airport location statistics. for the
DC8 and A310 aircraft, data by airports is not available.

3.5 ENGINE DAMAGE AND FAILURE DESCRIPTION.

Damage assessment was determined by utilizing the engine manufacturers' written
reports, photographs of individual bird ingestion events, and detailed review of
the evidence by FAA Technical Center personnel. The engines experienced 666
ingestion@ during the 26 months of this study. Sixty-two percent (416) of these
engines experienced some degree of damage. For the purposes of this study,
nine generalised engine damage categories were defined. FAA Technical Center
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personnel reviewed each of the 666 engine ingestion* and characterized the damage
according to the nine generalized categories. The results of this detailed tech-
nical damage assessment for each engine ingestion are tabulated in appendix E. The
nine generalized damage categories, coded I through 9, are:

1. N/A- No damage.
2. bent - One to 10 fan blades bent (minor damage).
3. Bent Many - More than 10 fan blades bent.
4. Broken - Broken fan blade(s), leading edge and/or tip pieces

missing, other blades also bent.
5. Transverse Fracture - A fan blade broken chordwise (across) and

the piece is missing (includes secondary hard object damage).
6. Spinner - Dented, broken, or cracked spinner (includes spinner

cap).
7. Core - Bent/broken compressor blades/vanes, blade/vane clash, blocked/

disrupted airflov in low, intermediate, and high pressure compressors.
8. Nacelle - Dents and/or punctures to the engine enclosure (includes

cowl).
9. Other - Any damage not previously listed.

Most of the above damage categories are pictorially represented in appendix I.

Figure 3.10 depicts the damage categories for all 666 engines which experienced a
bird ingestion. As can be seen, category 1 (no damage) and category 2 (minor
damage) comprise the majority of the entries (over 60 percent).

Figure 3.10 also depicts the damage sustained by those engines which are considered
to have failed. During the course of this study, an engine failure was defined as
the engine's inability to attain and/or maintain approximately 50 percent thrust.
The ability of the engine to achieve this level of paver was based upon the
engineering judgment of a combined group of U.S. Govermnt aerospace propulsion
engineers. Their assessment of engine failure was based upon photographic
evidence, extent of fan and/or core damage, transverse fracture of a fan blade,
phase-of-flight, engine action and pilot reaction, in-flight engine data, and
personal interviews (by the contractor) with the pilot. All of these criteria were
not alvays available. Neither this report nor the evidence gathered during this
study is intended to define the failure mechanism of these engines. However, it
can be stated that each failure mode is unique and complex. No attempts were made
to compare the reletive merits or shortcomings among the engine models, or for that
matter, the aircraft types. Examination of figure 3.10 shows that engines which
fail (and many which do not fail) tend to have multiple damage categories asso-
ciated with them. This is evidenced by the fact that 32 engines were considered to
have failed, however, the damage associated with these engines appears 103 times
(filled-in circles figure 3.10). This is expected, due to the secondary hard
object damage which the engine can experience after a severly damning bird inages-
tion. In these cases, typically, a bird ingestion may cause a stage I fan blade
fracture (or spinner failure) which, in turn, releases hard objects such as pieces
of blade (or spinner material). These bard objects are reingested into the fee
and/or core engine which causes secoaduip damage. For example, an engine which
experiences a severely damnging lngeti may suffer a transverse blade fracture
(category 5) which releases a metal blade piece. This piece is reingeeted into

* the fan casing other blades to break (category 4) and bending still other blades
(category 3), damaging the nacelle with the loose fragments (category 8). Finally,

Sthese fragments a"y be ingested into the core engine (caegory 7). to eas cases
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where the engine failed, such a scenario is common. It must be reemphasized,
however, that an engine failure is the exception rather than the norm.

Figure 3.11 shows that of the 666 engines which experienced a bird ingestion,
information was available with regard to the weight and number of birds ingested in
335 cases. Additionally, of the 32 engine failures, information regarding the
weight and number of birds ingested was available in 30 cases. Figure 3.11
presents these data and shows that approximately 81 percent of the bird ingestions
involve only one bird, with a corresponding failure rate in that category of 5.9
percent (16 engine failures, 272 ingestions). The 19 percent of the ingestions
which involve more than one bird have a corresponding failure rate of 22 percent.

The preceding discussion points out a pertinent observation. Namely, the engine
failure rate for single bird ingestion* (0.81 X 0.059 - 0.048) and multiple bird
ingestions (0.19 X 0.22 - 0.042) are almost identical and compare favorably with
the worldwide bird ingestion engine failure rate of 4.8 percent (32 engine fail-
ures, 666 ingestions). Therefore, with regard to the numbers of birds ingested,
the date indicate that once the ingestion has occurred, be it a single bird or
multiple birds, the probability of experiencing an engine failure is approximately
5 percent in either case.

With regard to the weights of these birds, figure 3.11 shows that birds of 8 ounces
or less do not generally cause HIPI engines to fail. Examination of appendix K for
this weight category also reveal@ that, primarily, minor or no damage is incurred.
Half of the bird ingestions and engine failures occurred between 9 and 24 ounces
(>1/2 to 1 1/2 pounds). Examining the weight interval, 0 to 24 ounces, and compar-
ing the engine failures against ingestions, yields a failure rate of 7.8 percent
(217 ingestions versus 17 failures). Likewise, the weight interval, 25 to 48
ounces, produces a rate of 7.2 percent (97 ingestions versus 7 failures). However.
the weight interval 49 ounces and greater, produces a failure rate of 28.6 percent
(21 ingestions versus 6 failures) which indicates that once the bird weight exceeds
a certain value (in this case, 3 pounds) experiencing an engine failure becomes
more probable.

Attempts have been made to determine the association among engine failures, phase-
of-flight, number of birds, and bird weight. (It should be noted that 22 engine
failures out of 32, occurred at takeoff and 5 engine failures occurred during the
climb phase-of-flight. These two phases-of-flight account for 84 percent of the
engine failures.) The results of these attempts have been inconclusive because
insufficient data exists to allow an indepth analysis. However, an analysis was
conducted which sought to determine the association between bird weight and number
of birds for engines which failed and also for engines which did not fail. Tables
3.15 and 3.16 are each 2 X 3 contingency tables which show the data of figure 3.11

a condensed for analysis purposes. Note that the weight categories (I to 24, 25 to
4 48, > 49) and the numbers of birds (1, >1) are the same as the previous analysis.
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TABIL 3.15 ENGINE FAILURE FRIEQUENCIES BY BIRD WSIGHT AND JNBER OF BIRDS

Number of Birds Bird Weight

1-24 ounces 25-68 ounces >49 ounces Total

1 5 5 6 16

>1 12 2 0 14

Total 17 7 6 30

TABLE 3.16 NON-FAILED ENGINE FUQUENCIES BY BIRD WEIGHT AND NUNIER OF BIRDS

Number of Birds Bird Weight

1-24 ounces 25-48 ounces >49 ounces Total

1 160 81 15 256

>1 40 9 0 49

Total 200 90 15 305

The Test of Association of Contingency Tables (appendix C) was used to determine
whether a strong association exists between bird weight and number. It yielded a
value of 10.08 for table 3.15 data and a value of 6.83 for table 3.16 data. Both
values are chi-square distributed with 2 degrees-of-freedom. Both values are
significant at the 95 percent confidence level and negate the assertion that the
two factors, bird weight and number of birds, are independent. The measure of
association between these two factors for the data of tables 3.15 and 3.16 are
0.502 and 0.149, respectively. (Values close to zero indicate lack of association
between the row and colun factors of the contingency table, whereas, values closer
to 1.0 indicate strong association.) The association measure for engines which
failed is relatively stronger than the measure obtained for engines which did not
fail. Although, this analysis establishes association between the two factors, it
does not indicate that engine failures are predictable based on the knowledge of
n umber of birds and their weight. The underlying reasoning for this inference
arises from the fact that the chi-square values imputed in the data of tables 3.15
and 3.16, 10.08 and 6.83. respectively, exhibit no significant differences in their
magnitudes to suggest that the underlying distribution of these two saples are
drastically different. The test to determine whether these two chi-square values
come from different distributions shows, at the 95 percent confidence level, that
there is no difference in the underlying distributions in the date of tables 3.15
and 3.16. This supports the inference that association between the two factors
cited, nanely bird weight and bird number, does not provide, by itself, the basis
for predicting an engine failure as a function of bird weight and number of birds.
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3.6 PROBABILITY ESTIMATES OF BIRD INGESTION RELATED EVENTS.

The bird ingestion data which has been collected during the 2 years of this study
are veil suited to the discussion of probabilities. As has been stated, one of the
reasons this study was continued into a second year wa in order to verify bird
ingestion trends which were observed during the first year. In many areas, such as
geographic ingestion distribution, total ingestion events. weight distribution.
multiple engine ingestions, and others, the repeatability between first and second
year data was very good. The following discussion addresses certain of these areas.

3.6.1 Probability of Ingestion of One or More Birds of A Given Weight Range.
Table 3.17 gives the frequency of single and multiple bird ingestion events by bird
weight. The probability estimate of ingesting one or more birds of a given weight
range can be obtained by dividing the total number of events in that weight range
by the total number of bird ingestion events. For example, the probability of
ingesting one or more birds in the 1- to 8-ounce weight range is calculated by:
43/335 a 0.128. The remaining weight range probabilities are calculated in a
similar fashion.

TABLE 3.17 INGESTION PROBABILITIES OF SINGLE AND MULTIPLE
BIRDS BY WEIGHT CATEGORY

Bird Weight

1-8 ose. 9-16 oae. 17-24 ass. 25-32 at.. 33-40 ai. 41-48 o8. 49-56 ass. >56 oss. TOTAL

Single iard 3) 02 s0 44 36 6 5 16 272

mult iple Bird 10 13 9 2 6 3 0 0 b3

Total 43 H1s 59 46 42 9 5 16 335

Cod itional

Probability 0.128 0.3.) 0.170 0.137 0.125 0.027 0.015 0.046

Union•attional
Probability 3)0I0 - 6  80.10

6  
41&10

6  
32u10

6  
29%10

- 6  
6.3.10

6  
3.5x10

6  l11C
6

The calculated probability is conditional. The condition being that an ingestion
has taken place. The unconditional probability is obtained by multiplying the
conditional probability estiate by the worldwide ingestion occurrence probability

of 2.33 X 10- 4 (638 ingestions/2,738,382 operations). Therefore, the uncondi-
tional probability of in esting one or more birds in the 1- to 8-ounce weight range
is 0.12S 1 (2.33 1 0) 30 1 10- 6 . In other words, this data indicates that
for every one million HBPE aircraft operations, it is expected that 30 bird inges-

tions of single or multiple birds in the 1- to 6-ounce weight range will occur.

3.6.2 ProbabilIty of Ingestion of Multiple Birds Per Engine. The data show that
65 engines have experienced an ingestion of more than one bird (multiple birds per t
ingestion). It is known that a total of 666 engines experienced a bird ingestion.
The conditional probability estimate of experiencing a multiple birds per engine
ingestion is therefore 0.098 (65 multiple bird ingestions/666 engine ingestions)
The unconditional probability estimate of such an event occurring is 22.7 X 10 -

or about 23 multiple bird ingestions per one million operations.
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3.6.3 Probability of Multiple Engine Ingestions. Twenty-five multiple engine
ingestion events occurred during this study. The conditional probability estimate
of suLh an event occurring is 0.039 (25 multiple engine ingestion events/638
ingestion events). The unconditional probability estimate is approximately
9 X 10- 6 or nine multiple engine ingestions events per million operations.

4. SUMiARY.

The purpose of this investigation was to determine the numbers, weights, and
species of birds which are being ingested into large high bypass ratio (HBPR)
turbine aircraft engines during service operation and determine what damage, if
any, resulted. To meet this objective, the FAA Technical Center and three engine
contractors - Pratt and Whitney Aircraft, General Electric Company, and Rolls-
Royce Incorporated - gathered worldwide bird ingestion data.

During the course of this study, 1513 HBPR engined aircraft conducted 2.7 million
operations and were involved in 638 bird ingestion events. The first and second
year's bird ingestion distributions were compared. It was determined that their
distributions were statistically similar, therefore, no further data was collected.

The United States and foreign bird environments were compared. This comparison
suggested that the bird weight distribution differed in these two environments. A
comparison of the single and multiple engine bird ingestion rates was conducted.
Both foreign rates were significantly higher than the U.S. rates. Finally, the
average, most likely, and median bird weights were compared. In all three
instances, the U.S. bird weights were higher than the foreign bird weights.

Worldwide, gulls (family Laridae) were ingested most often. The following selected
bird species (for 5 or more ingestions) are presented in decreasing order of inges-
tion frequency on a worldwide basis:

1. Milvus migrams (Black Kite) - 46 ingestions
2. Larus ridibundus (Comon Slack-headed Gull) - 34 ingestions
3. Larus argentatus (Herring Gull) - 27 ingestion.
4. Coluimba palumbus (Wood Pigeon) - 23 ingestions
5. Larus crassirostris (Black-tailed Gull) - 14 ingestions
6. Larus delawarensis (Ring-billed Gull) - 11 ingestions
7. Vanellue vanellus (Common Lapwing) - 10 ingestions
8. Anas Platyrhynchoe (Mallard Duck) - 9 ingestions
9. Columba livis (Common Rock Dove) - 8 ingestions
10. Tyto alba (Coman Barn Owl) - 6 ingestions
11. Corvus corone (Carrion Crow) - 6 ingestions
12. Larue atricilla (Laughing Gull) - 5 ingestions
13. Larus novaehollandae (Silver Gull) - 5 ingestions
14. Francolinus francolinue (Francolin) - 5 ingestions

The overwhelming majority of the 85 species of birds identified by this study are
flocking or grouping birds. Bird flocks are the greatest hasard to aircraft and
are responsible for almost all multiple engine ingestions.

In most cases, the bird debris was identified by an ornithologist who determined
weights and species.
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Seasonal changes appear to have an effect on the bird ingestion rate. The largest

number of bird ingestions occurred during the late summer and early fall.

A comparison of the ingestion rates according to generic aircraft type was con-

duted. Analysis revealed that the center engine position of the three-engined
aircraft experienced significantly lower bird ingestions than the wing-mounted
engines. From a bird ingestion standpoint, the center engine position may be
considered to be practically non-existent. Analysis indicates that an aircraft
with four wing-mounted engines may be expected to have approximately twice the
ingestion rate of aircraft with only two wing-mounted engines.

Seventy-six percent of bird ingestion occur during the takeoff and landing phase-
of-flight. Most bird ingestions occur at the airport when the aircraft is close
to, or on, the ground. Twenty-two United States and 115 foreign airports experi-
enced bird ingestion* during this study. Some airports present a greater bird
ingestion hazard than others as indicated by the analysis that 18 percent (25) of
these airports account for almost 36 percent of all reported worldwide bird inges-
tions for the aircraft types studied. This suggests that the bird ingestion
phenomenon is primarily airport environment dependent.

Sixty-two percent of bird ingestion& resulted in some engine dage, both minor
and major. However, the vast majority of bird ingestions caused minor damage to
the engine. Usually, only a small number of fan blades need replacement (minor
damage). But in severely damaging bird ingestion events, the damage includes
broken fan blades, transversely fractured fan blades, spinner damage, core engine
damage, fan shroud and nacelle damage.

The 638 aircraft bird ingestion events involved 666 engines. Twenty-five multiple
engine ingestions occurred; three of these involved three engines. Sixty-five
multiple bird ingestions per engine occurred. Thirty-two engine failures were
identified. Of these thirty-two engine failures, one incident occurred involving a
two-engine failure to a four-engine aircraft during the approach phase-of-flight.

The majority of bird ingestions, engine damage, and engine failures are caused by
birds weighing between 9 and 24 ounces. Although there appears to be a correlation
between the number and weight of the ingested birds, it is not possible to predict
engine failure based upon these two parameters alone.

Tables 4.1 and 4.2 review som of the relationships presented in this report. It
should be noted that the takeoff and climb phases-of-flight produces the highest
percentages in all ingestion categories. Although approach and lending constitute
a significant portion (36 percent) of all known phases-of-flight, the percentages
of daging ingestions and engine failure ingestions are significantly lower than
in takeoff and climb. Multiple birds per engine occur in a significantly high
percentage of engine failure ingestions. Multiple engine ingestions do not produce
significant percentages in any ingestion category. r
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TABLE 4.1 MULTIPLE ENGINE AND MULTIPLE BIRD INVOLVEMENT ANALYSIS

Total Dmaging Engine

Ingestion Ingestion Failure
Events Events Ingestions
(638) (401) (32)

Multiple Engine
Ingestion Events 25 (4%)) 19 (2) 4 (132)

Multiple Bird

Ingestions (per engine) 65 (1OZ) 47 (122) 14 (44%)

TABLE 4.2 PHASE-OF-FLIGHT (PO) ANALYSIS

Known POP Known POP Known POP
Ingestion Damaging Engine

Events Ingestion Failures
(408) Events (250) (32)

Takeoff and Climb 249 (612) 215 (862) 27 (842)

Approach and Landing 147 (36Z) 35 (142) 4 (12Z)

5. CONCLUSIONS.

1. A bird ingestion to a high bypass ratio (HBPR) engined aircraft is a rare, but
probable, event. Approximately 2.7 million operations were conducted during the 26

months of this study; 638 bird ingestion events occurred. This results in approx-

imately 25 bird ingestions per month.

2. The most commonly ingesLed birds worldwide, are the family Laridae (gulls)
which account for 35 percent of all ingestions to HIPR engines. These are closely
followed by the family Accipitridat (kites) which account for 20 percent of all
ingest ions.

3. The United States and foreign bird weight distributions are different.
United States birds are heavier than birds found in the foreign environment.

* 4. The United States single and multiple engine bird ingestion rates are lower
than the foreign rates.

5. Flocking and grouping birds are the greatest hazard to aircraft and are
responsible for almost all multiple engine ingestions.

6. The largest number of bird ingaestions occur in the late summer and early fall.
Seasonal changes appear to have an effect on the bird ingestion rate.

7. Wing-mounted BPIt engines are more susceptible to bird ingesitions than
center aft-mounted RIPi engines. Center aft-mounted R3P1 engines experience very
few bird ingestion#.
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8. Four-engined aircraft experience approximately twice the ingestion rate of
two-engined aircraft (wing-mounted engines only).

9. The majority of bird ingestions resulted in either minor or no damage to the

engines.

10. Seventy-six percent of all bird ingestions occur during takeoff or landing.

11. Certain airports present a greater bird ingestion hazard than others.
Eighteen percent of the 137 airports which experienced bird ingestions during this
study accounted for 36 percent of all reported worldwide bird ingestions for the
aircraft type studied.

12. Sixty-two percent of all bird ingestions result in some engine dmage.

13. rhe majority of bird ingestions, engine damaging ingestions, and engine
failures are caused by birds weighing between 1/2 pound and 1 1/2 pounds.

14. Once a bird ingestion has occurred, the probability of experiencing an
engine failure from one bird or multiple of birds is approximately 5 percent.

15. Engine failure cannot be predicted based upon knowledge of the bird weight
and bird number alone. Engine failure modes are complex.

16. Only limited data analysis could be accomplished on the DC8-70 series,
A310, B757, and B767, due to their limited service experience.
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APPENDIX A

COM4PARISON OF HBPR ENGINE AIRCRAFT
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APPENDIX 8

HOPR ENGINES
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APPENDIX c

STATISTICAL PROCEDURES

C-1 KOLOMOGOROV-SIRNOV TWO-SNLE TEST

The Kolomogorov-Smirnov (KS) two-sample test is a test of whether two independent
samples have been drawn from the same population (or from populations with the
same distribution). The two-tailed test is sensitive to any kind of differences
in the distributions from which the two samples were drawn - differences in
location, in dispersion, in skewness, etc.

The maximum difference (0) between the two cumulative distributions of the two
samples is called KS statistics. For a large number of observations (greater
than 40), the critical value of the KS distribution of difference 0 can be
obtained from the following table for a selected significance level. If the
observed difference 0 is greater than the critical value 0, then we reject the
null hypothesis. That is, the two distributions are the same.

CRITICAL VALUES OF 0 IN THE KOLOMOGOROV-SMIRNOV
TWO-SAMPLE TEST

(Large Samples Two-tailed Test)

Level of Significance Value of D so large to call for Rejection of Ho at the
indicated level of significance.

0.10 
1.224 fn_+ n

1 n2

0.05 1n + n21-.3S8

0.02 n, + n21.480
n, n2

0.01 $2 1  n 2q
1.628 1____

4.. nln2

Where; D - max j Snl(X) - Sn2(X)

(D - max difference between two cumulative distributions.

C-2 BIRD WEIGHT CLAS INTERVAL SELECTION NETO0

There is no exact method available In detemining the class intervals. Selection
of class Interval is often based on Judgmental factors, hoever, the following
formula helps to deterilne the class interval when the judgmental factors are not
available.

C-1.J| aya 1 B1
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Class Interval - Range
I + 3.3ZZ x 109(n)

where:

Range = largest observed value minus smallest observed value.
n = number of observations.
Log - log base 10.

The bird weight class interval of 8 oz., or its multiple, used in this study is
based on the formula given above.

c-A COIARISON OF INGESTION RATES

In comparing the ingestion rates, we assumed that estimated rates in fact are the
maximur, likelihood estimates of the parameters of the Poisson distribution. For
example, comparing the U.S. ingestion rate against the Foreign ingestion we
assumed that rates are the estimate of the Poisson distribution parameter ( N'
which is the same for both U.S. and Foreign. The number of observations being
large, we invoked the asymptotic property of Poisson and used the asymptotic test
rather than the exact test. Some of the asymptotic tests used are the
chi-square, the normal test, and in some cases, the binomial test.

-. TEST OF ASSOCIATION AND HONOGENIETY OF CONTINGENCY TABLES

To test the association between the rows and columns of the contingency tables,
we employed the chi-square test of independence, as well as the chi-square test
to ascertain the homogeniety of the two population observations which are drawn
independently.

To measure the extent of association between the row and column factors of the
contingency table, Pearson's coefficient (C) and Cramer Statistics (V) were
computed as follows:

C X2 / (X2 + N)

V . X2 / (N x min [((I-1), (J-1fl)

where:
4

X2, N are the Chi-square and number of observations.
I, J are the number of rows and columns respectively.

Values of C and V close to zero indicate lack of association between the row and
column factors of the contingency table, whereas values closer to 1.0 indicate
strong association.
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APPENDIX D

BURD TYPES, WEIGHTS, INGESTION LOCATION, AND CODES

The ingested bird species code (reference 2) as shown in this appendix is helpful
for computer applications. Each order of birds was assigned a code letter accord-
ing to its position in the taxonomic sequence. Each family of birds was assigned a
,ode number according to its position within the order. Each species of bird was
assigned a code number according to its position within the family. To avoid
confusing numbers, the code designation was assembled by putting the family
number first, the order letter second, and the species number last (for example:
3K2d not K328; also, this is the black kite (comon nme) which belongs to the
order Falconiformes. family Accipitridae, and species Milvus migrams).
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BIRD TYPES, WEIGHTS, INGESTION LOCATION, AND CODES

AVERAGE WRIGIM INGIJTION. TIO0 CODE
SIRD TYPE OZS. (+RAINSG) U.S PIoR ! M

PROCELLARIIFOR)IES - ALBATROSSES, PETRELS, ETC.

PROCELLARI I DAE - PETRELS, SHEARUATERS

Pterodroma mills - Soft-plumiaged Petrel 10 (7-13) 1 2C26

CICONIIFOR4ES - HERONS, STORKS, IBISES, FLAMINGOS

ARDEIDA. - HERONS AND BITTERNS

Hydranass caerulea - Little hlue Heron 12 -_ 1 1142
Egretta garzetta - Little Egret 16 (10-22) 2 1150
Ardes herodias - Great Blue Heron 95 (52-208) 2 1157

CICONIIDAE - STORKS

Anatoumu lamelligerus - African Open-billed
Stork 40 (22-49) 2 516

Leptopttlos crumeniferus - Marabou Stork 208 (141-314) 1 5117

THRESKIORNITHIDAE - IBISES AND SPOONBILLS

Plegadia falcinellue - Glossy Ibis 22 (13-30) 1 1 6121

ANSERIFORMES - SCREAMERS, DUCKS. GEESE. SWANS

ANATIDAR - DUCKS, GEESE, SWANS

Dendrocygna bicolor - Pulvous Tree Duck 25 (19-32) 1 2J.4
Chen caerulescens - Snow Goose 86 (43-154) 1 2J26
Irant& canadensis - Canada Goose 127 (39-267) 3 2J30
Amazoetta brasiliensis - Brazilian Teal

or Duck 21 (20-21) 1 2J65
Ana gibberifrona - Gray Teal 17 (12-25) 1 2J80
"as pletyrhyncho. - Mallard Duck 38 (18-63) 4 5 2J84
Arae rubripes - American %lack Duck 40 (25-3) 1 2188
Anse poecilorhyncha - Spot-billed Duck 35 1 ! 2J91
Ano acute - Common Pintail Duck 30 (14-51) 2 2J195

d Anse clypeata - Northern Shoveler 21 (11-39) 1 2Jl
Aythys farina - Common Pochard 30 I 211l
Aythy, atints - Lester Scaup 28 (1940) 1 2JI2
Lophopytes cucullatus - Hooded Herranaer 22 (16-32) 1 211

t
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AVERAGE WEIGI INGESTIONS. LOCATIo CODE
BIRD TYPE OZ. (+ RANGE) U.S. FOREIGI UiR.OW

FALCONIrORMES - HAWKS. EAGLES. VULTURES, KITES

CATHARTIDAE - VULTURES

Cathartes aura - Turkey Vulture so (31-85) 2 IKI

PANDIONIDAE - OSPREY

Pandion haliaetue - Osprey 54 (40-72) 1 ZKI

ACCIPITRIDAR - HAWKS, EAGLES. KITFS. VULTURES

4llvux migrame - Black Kite 26 (20-42) 46 3K28

Mtlvus milvus - Red Kite 36 (28-56) 2 3K29

Haltseetue leucocephalus - Bald Eagle 181 (136-232) 1 3K37

Gyps bengalensts - Indian White-backed Vulture 187 (194-200) 3 3K46
Gyps fulvue - Griffon Vulture 282 (150-529) 2 3K51
Sarcogyps calvue - Indian Riack Vulture 158 (131-190) 1 3K54

Buteo nitidus - Gray Hawk or Mextean Goshavk 17 (11-23) I 3K16

Buteo platypterue - Broad-vinged Hawk 14 - 1 2 3K16

Buteo jamatcenate - Red-tailed Hawk 39 I 3KI7

Buteo buteo - Comon Buzzard 28 (17-48) 3 3K!8C
Buteo lagopus - Rough-legged Hawk 35 (21-59) 1 3K181

FALCON IDAE - FALCONS

Falco spervarfue - Amrican Sparrovhawk
(Kestral) 4 -- 2 5K26

Falco cherrug - Saker Falcon 36 (26-46) 1 5K54

GALLIFORNES - CHICKEN-LIKE BIRDS

PHASIANIOAE - QUAILS, PHEASANTS, PEAFOWLS

Francollnue francolinu - Black Partridge

(Francoltn) 16 (8-20) 5 4L44

Phasianus colchicus - Common or Ring-necked
Pheasant 39 (18-71) 2 1 4LI6I

GRUIFORNES - BUTTONQUAILS, CRAES. RAILS

RALLIDAR - RAILS, CRAKIS, 0OT1S, GALLINULES

Crex crx - Corncrake 5 (3-7) 1749

0-2
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AVERAGE WIGM IEST OS. LOCATI COE
BIRD T.P OZ. (+ RMGE) U.S. OUT UNKOW

CIRAL4DRIIFORHS - SHOREBIRDS

RAIMATOPODIDA] - OYSTBRCATCHIRS

Naeatopue ostralegue - Cormon Oystercatcher 1S (12-26) 241

CRARADRIIDAK - PLOVERS, LAPIVNGS

Vanollus vanellue - Commn Lapviag S (4-11) 10 5N
Pluvialis apricaria - Eurasian Golden Plover 7 (3-8) 3 5N25
Pluvialis squaterola - Slack-bellied Plover 7 (4-11) 1 2 1 5N27

SCOLOPACIDAE - SANDPIPERS. WIPES

Limo.. limosa - black Tailed Godvit 10 (7-13) 2 6N!
Gallinago undulate - Giant Snipe 1 6NSO

BURHINIDAB - STONE CURLEWS (THICK-KNEES)

kurhinue capenais - Spotted Thick-knee or

Cape Dtkkop 15 (14-16) 1 9N4

LAtIDOAR - GULLS. TRNS

Larva craseiroetris - Black-tailed Gull 20 (15-23) 14 1431O
Lar a delavarenams - Ring-billed Gull 17 - 8 I 2 1012
Larva argentatus - Herring Gull 36 (21-4) 20 4 3 1414
Larua fuacus - Lesser Black-backed Gull 29 (19-42) 1 3 14N17
Larue californicus - California Gull 24 (17-29) 1 14318
Larva artnue - Great Black-backed Gull 60 (40-S0) 2 14321
Larva gleuceecee. - Glaucou-winged Gull 38 - 2 2 14322
Larva atricilla - Laughing ull 10 - 1 4 14326
Lamv cirrocephalue - Gray-headed Gull 10 (6-14) 2 14N29
Larva pipiscas - Franklin's Gull 9 - 1 14331
Larve noeehollandiae - Silver Gull 12 - 5 14N32
Larva usculipeonis - Sroun-hooded Gull 3 14N35
Lara ridibundus - Common Black-headed Gull t0 (4-14) 30 4 1436

COLUIIPONUS - PIGEONS, DOVES. SADOGROUSES

COLMISIDAI - PIGEONS, DOeis

Columba livia - Common Rock Dove 14 (7-20) 2 5 1 2PI
Coluame palumes - Wood Pigeon 16 (9-26) 2 21 2P9
Strerptopelt turtur - Comme Turtle Dove 5 (3-6) 1 1 2P50
Zenaida rcerours - Noaruing Dove 4 (3-4) 2 1 2P10

D-3
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AVERAGE WEItN INOESTIONS. TOCAT4 CODE
BIRD TYPE OZ. (+ RANKC) U.. FORIGNU00

Zenaida surteulata -Eared Dove I- 2PI0

STRICIPORNEg - BARN OWLS AND TYPICAL OWLS

TYTONI DAE - BARN OWLS

Tyto alba - Comin Barnu Owl 11 (7-23) 2 2 2 192

STRICIDAZ - OWLS

hAso fiamAwus - Short-eared Owl 13 (9-18) 3 2S124

CAPRIMULGIPORNES - NIGHTJARS. FROGNOUTHS

CAPRIMULGIDAE - NIGHTJARS

Caprimulgus salvini - Chtpvillov 2 - I ST26

APODIFORNES - SVIMTS. NWMSINGIIRDS

APODIDAN SWIMT

Cypseloides aiger - black Swift 2 - I IU31

CORACIIFORMS - KINGFISIERS. WOThOTS. NORNUILLS

CORRACKIDAR - ROLLERS

Coracias garruluae - European Roller 5 (4-6) 1 5XI

PASSERIFOUMK - ?SACKING IDim

ALAIDI DAZ - LARKS

Nalanocorypha yeltonfenela - Black Lark 2 (1-2) 1 17250
Calandrella raytal - Indian Sand-Lark 1- 17254
Alauda gulgula - Lesser Skylark -- 1 17273
Ereusphila alpeetrie - Nor-ned Lark 1 (1-2) 1 17274 1 

CORVIDAK - CROWS, JAYS

Cormse apladone - Noeae Crew 11 (9-13) 1 22273
Corwae frugilegm - took IS (10-21) 1 22Z@4
Corvue Coronea Carrien Crow 19 (11-24) 622294

D-4
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A VE9RAGE W ~1 N ' 0GI.2ION. LOCATIO COCE
BIRD TYPE OZ. (,RANCE) U.S. FORE!.IUVA

TURDIDAR THRUSHES

Catharus ustulatus - Swaineion's Thrush I -I4IZ246

Turdus nausant - Dusky Thrush 3 (3-4) 2 4IZ227
Turdus, isigratorius - American Robin 3 -I4IZ314

ICTACILLIDAI - WACTAILS, PIPITS

LAthus noves.landfae - Richard's Pipit I- 47Z21

ICTERIDAR - ILAC1CDIRDS 6 AMERICAN ORIOLES

Sturnalla neglect& - Western Meadowlark 4 (3-4) 1 64Z68
Nolothrus saer - Brown-headed Cowbird 2 (1-2) 1 64Z94

VRINGILLIDAR - FINCHES. GROSSEAKS. SPARROWS

Frinaille coelebs - Comoc Chaff inch 1 - 1 60Z41

I STR ILDIDAZ - WAIDILLS

Lenchura inlacca - Chestnut IMania I - I 69ZI04

Amedia. erythrocaphals - Red-headed ?Inch I - 1 69ZI24

OTHER CATUGORIS

Seats (included due to flight behavior) I-2 99Z991
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APPENDIX E

DATA BASE

Legend

1. FAA Bird Ingestion event nuer (EVT 0)

2. Data (month, day, year) (DATE)

3. Local time (TILE)

4. Aircraft type (AC)

5. Engine Position (ENG POS)

6. Airport (ARPT)

7. Phase of Flight (FLIGHT PHASE)

8. Weather (WX)

9. Engine Damage Codes (DMAGE)

10. Power Loss or Power Reduction (POWER LOSS/RED)

11. Was the damage contained within the nacelle? (CONT AMG)

12. Reason for In-flight shutdown of engine (IFSD REASON)

13. Was the bird seen prior to the ingestion? (BIRD SEEN)

14. Species of bird ingested (BIRD SPECIES) (Referenced In Appendix D)

IS. Number of birds ingested (9 BD). An entry of *90 in this column
Indicates a flock, not nine birds. The bird number Is unknown but
Is assumed to be greater than six birds.

16. Average weight of the bird in ounces (AV WT OZ)

17. Pilot reaction to bird ingestion (PILOT ACT)

18. Important/unusual circumstances regarding this bird ingestion event
(SIGNIFICANT REASON)

1-1
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The legend lists the information contained In this Appendix. It was not

possible in all cases to obtain all the Information desired. For

example, when the local time of the ingestion is unknown, the column

entry is listed as "0000*. Likewise, when the number of birds or bird

weight are unknown, the column entry is "0*. In all other cases an

unknown quantity is listed as "UNK". In those cases where a particular

column entry does not apply, the term "N/Aw Is entered. An example of

this might be a case wherein a bird ingestion has occurred but no damage

resulted, therefore, the 0IFSD REASON, "PILOT ACT", and "SIGNIFICANT

REASON" col umns may all have an "N/Am entry. The "EVT " is computer

generated and sequential by date of bird ingestion occurrence. The term

"EVENT, as used in this report, refers to an aircraft bird ingestion

occurrence. More than a single computer line entry in Appendix E,

having the same number. indicates multiple engine involvement. The only

exceptions to this are events 03 and #220, which are not multiple engine

events, however, two different bird species wee ingested into the engine

at the son time.

The following codes refer to entries in Appendix E.

AIRCRAFT (AC) WEATHER (WX)

1 - )C8 IFR - Instruent Flight Rules
2 - OClO VFR - Visual Flight Rules
3 -A300 UNK - Unknown
4 - 8747S - 87S7 (DANMqE)
6 - 9767
7 - LIOII (See Text)
8 - A310

(See ppe X 0)
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INFLIGHT ENGINE SHUTDOWN (IFSO REASON)

N/A - Not applicable

Vibes - Engine vibrations

Stal /Srg - Compressor Stall/Surge

Hi Egt, - Nigh Exhaust Gas Temrature

Epr - Incorrect Engine Pressure Ratio

Invlntry - Involuntary engine shutdown

Paramtrs - Incorrect engine paramters

Other - Other reasons not listed

UNK - Unknown reason

PILOT ACTION (PILOT ACT)

N/A - Not applicable

ATO - Aborted Takeoff

ATS - Air turnback

UK- Unknown

(SIGNIFICANT REASON)

N/A - Not applicable

Eng Nult - Multiple Engine Ingestion

Bds Mult - Multiple Bird Ingestion
IPWRLOSS - Involuntary power loss

TRVSFWA - Transverse fa blade fracture

OTHER - Other significant reason

-N-3
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APPENDIX F

MOST COOKNLY INGESrE BIRD SPECIES DRAWINGS

.



Larus novaehollandiae Larus crassirostris
(Silver Gull) (Black-Tailed Gull) !'*

- Length - 15" Length - 16"
Wingspan - 41" Wingspan - 48"

AJWeight - 12oz Weight - 20oz

INGESTION LOCATION INGESTION LOCATIONForeign - 5 Foreign - 14
us - 0 US -0
Unknown - 0 Unknown - 0

Larus ridibundus
(Common Black-headed Gull) Larus atricilla

(Laughing Gull)

Length- 14"Length - 13"

Wingspan - 38" Weigspa - 1o

W s Weight -10oz

INGESTION LOCATION INGESTION LOCATION
Foreign - 30 Foreign - 4
us - 0 US - I
Unknown - 4 Unknown - 0



Larus crassirostris Larus delawarensle
(Black-Tailed Gull) z (Ring-Billed Gull)

Wingspan -4 8" Wngspan - 49"
Weight - 20ozWegt1z

INGESTION LOCATION INGESTION LOCATION
Foreign - 14 Foreign - I

Unknown -o0 Unknown -2

Larus argentatus
I)Larus atricilla (Herring Gull)

(Laughing Gull) Lnt (

Weight - 38oz

Length- 13"INGESTION LOCATION
Wingspan - 41"Frig
Weight - IlOoz U 2

Foreign - 4
u8 - 1
Unknown - 0 MOST COMMONLY INGESTED

BIRD SPECIES
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APPENDIX G

AIW OEWCTIFIERS

AB) Abidjan, Ivory Coast
ADI Adelaide, S. Australia
ALG Alamosa, Colorado, USA
AM Aman, Jordan
A14 Amsterdam, Netherlands
ANC Anchorage, Alaska, USA
ANU Antigua, Wst Indies
ATM Athens, Greece
All. Altanta, Georgia, USA
AUN Abu Dhabi, UA Emirates

BGF Bangui, Con. African Republic
BKK Bangkok, Thailand

BNE Brisbane, Australia
BOO Bordeaux, France
BON Bombay. India
BOS Boston, Massachusetts, USA
BRU Brussels, Belgium
SW! Baltimore, Maryland, USA

CAI Cairo, Arab Republic of Egypt
CCU Calcutta, India
COG Paris, France (Charles do Gaulle Airport)
CJU Cheju, Republic of Korea
CPN Copenhagen, De nma rk

DEL Delhi, India
DKR Dakar, Senegal
OPS Denpasar, India
OUR Durban. South Africa
DUS Dusseldorf, Republic of Germany

EBB Entebbe/Kepala, Uganda
EWR New York, NY-Newark Airport, USA
EZE Buenos Aires, Arg.-Ezeiza Airport

FCO Rome, Italy, L. DaVinci (Vim) Airport
FDr Part de France, Martinique
FEZ Fez, Morocco
FIN Kiushas, Zaire

$FLL Ft. Lauderdale/Hollywood, Florida, USA
FRA Frankfurt, Republic of Gerary
FUK Fukuoka,* Japan

GIG Rio Do Janeiro, Brazil International
GUM &ua Island, Mariama Is.
GVA Genea, %Itzerl and

NAM HNo", Repulic of Gerny
He makodte, Japan
NKHont Kong Hng" Kong

if~



HLP Jakarta, Indonesia - Halit Per A
"NO0 Tokyo, Japan - Haneda Airport
HYD Hyderabad, India

IAD Washington - Dulles Airport, USA
ZAN Houston, Texas - International Airport
IST Instanbul, Turkey

JED Jeddah, Saudisa Arabia
JFK New York, NY - Kennedy International Airport, USA
JNB Johannesburg, South Africa

KAN Kano. Nigeria
KHI Karachi, Pakistan
KMQ Komatsu, Japan
KRT Khartoum, Sudan
KUL Kuala Lumpur, Malaysia

LAX Los Angeles, California, USA
LCA Larnaca, Cyprus
LGA Laguardia Airport, New York, USA
LGW London, England, Gatwick Airport
LH£ Lahore, Pakistan
LHR London, England, Heathrow Ai rport
LIN Lima, Peru
LIN Milan, Italy - Forlanini-Linate
LIS Lisbon, Portugal
LOS Lagos, Nigeria
LPA Las Palmas, Canary Is.
LUX Luxembourg, Luxembourg
LYS Lyon, France

NAA Madras, India
MAD Madrid, Spain
MEL Melbourne, Australia
MEX Mexico City, Mexico
MGQ Mogadishu, Somalia
MIA Miami, Florida, USA
MNL Manila, Philippines
MPL Montpellier, France
MRS Marseille, France
MSP Minneapolis/St. Paul, Minnesota, USA
MSY New Orleans, Louisiana, USA
MTY Monterrey, Mexico
MYO Montevideo, Uruguay
MWH Moses Lake, Washington, USA
MXP Milan, Italy - Malpensa Airport

N60 Nairobi, Kenya
NCC Nice, France
NGO Nagoya, Japan
NGS Nagasaki, Japan
NIN Niamey, Niger

0-2
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NKC Nouakchott, Mauritania
NRT Tokyo. Japan - Narita Airport

OAK Son Francisco, California - Oakland Airport, USA
OKA Okinawa, Ryukyu Is., Japan
ORD Chicago, Illinois, O'Hare Airport, USA
ORY Paris, Franc*. Orly Airport
OSA Osaka, Japan

POX Portland. Oregon, USA
PEN Penang, Maylaysia
PHL Philadelphia, Pennsylvania, USA
POS Port of Spain, Trin. & Tob.
PTY Panama City, Panama Republic
PUS Pusan, Republic of Korea

SOL Sundsval l, Sweden
SCQ Santiago 0e Compostela, Spain
SEA Seattle/Tacoma, Washington, USA
SEL Seoul, Republic of Korea
SFO San Francisco, California, USA
SID Sal Island, Cape Verde. Is.
S! 4 Singapore, Singapore
SNN Shannon, Republic of Ireland
SSA Salvador, Brazil
STR Stuttgart, Republic of Germany
SUB Surabaya, Indonesia
SXR Srinagai, India
SY0 Sydney, NSW Australia

THR Tehran, Islamic Republic of Iran
TLS Toulouse, France
TLV Tel Aviv - Yafo, Israel
TUR Antananarivo, Oem. Rep. Madagascar
TPE Taipei, Taiwan
TRY Trivandrum, India
TSV Townsville, Qld, Australia
TUL Tulsa, Oklahoma, USA
TUN Tunis, Tunesia

VCP Sao Paulo, Brazil - Viracopos Airport
VIE Vienna, Austria

WDH Windhoek, Namibia
WLG Wellington, New Zealand

XFO Unknown Location, Foreign
XUS Unknown Location, United States
XXX Unknown Location, Worldwide

0-3



YMU Montreal, Quebec - mirabel International
YUL Montreal, Quebec, Canada
YVR Vancouver, B.C.. Canada
YYC Calgary, Alta., Canada
YYZ Toronto, Ontario, Canada

ZRH Zurich. Switzerland

I 8.
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APPENDIX H

EVENTS, OPERATIONS, AND RATES
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411111111 DMo IMIuN MISl, IPWRTIW 4 INOTIh E ID/O IPITI IV AINCRAFT TWOf

( - - 11T------ANRF W

I s 4 5 3 sm411

EVENTS S I 0 0 0 0 0 1 1
wmwroin S"4 0 06 0 1 0 0 430
NAR/lot 0.0 2.9117 0.0 0.0 0.0 0.0 0.0 0.0 2.324

EWiT 0 I 0 1 0 0 0 0 1
OPP3TIhhS 0 1 0 207 0 0 0 0 247
mArl,,s1 0.0 0.0 0.0 37.433 0.0 0.0 0.0 0.0 37.453

IL6

(WINTS 0 0 I a 0 0 0 0 1
OPMTIOS 0 0 1 W 5 AS 0 0 u4 0 =22
RA11 0.0 0.0 1.940 0.0 0.0 0.0 0.0 0.0 1.1t5

4-A
rWEts I 1 0 0 0 0 2 0 2
PETISIS1 0 50S I SP 1431 0 0 2572 0 bpi1

N*1K/lof 0.0 0.0 0.0 0.0 0.0 0.0 7.776 0.0 3.20

5 AN
EWVET 0 2 0 0 0 0 0 0 10

fiPfutim 0 4925 433 0152 0 0 144 0 171,79
Ori/log 0.0 4.061 0.0 6.93 0.1 0.0 0.0 0.0 5.737

A-
(WITS 1 0 0 2 0 0 0 0 2
OPERNTISI 0 &73 I 1"9 0 0 0 0 22734
NMrE/10 0.0 0.0 0.0 1.254 0.0 0.0 0.0 0.0 0.8110

7 An
MlET 0 0 0 0 0 0 1 0 1

VIM11 0 660 409 440 0 0 1112 0 2641
111i1101 0.0 0.0 0.0 0.0 0.0 0.0 11."93 0.0 3.734

I 1w
ETSM 0 0 I 1

PERATI11 0 2347 12427 4424 0 0 1023 0 2121
11(/101 0.0 0.0 0.7It 0.0 0.0 0.0 0.0 0.0 0.431

9 AIL
OEM11 0 0 0 0 0 0 2 0 2
P151151 0 2047 9730 743 7 1511 ""41 0 4514
STE/tOK 0.0 0.0 0.0 0.0 0.0 0.0 0.403 0.0 0.3110

IPItISI 0 1404 2314 5442 1 0 4300 0 14492
STL't1i 0.0 0.0 0.0 1.772 0.0 0.0 0.0 1.0 0.690



AIEST:, Dim [owls IM WwITION aS IwtIE FA10115 WUNTM O DY umTM16

(-- alumSF to[--
I 2 4 5 46 n.

eism I 3N I I 1 0 323
114TVIN 0.1 41.9190. 6.0 0.6. - 0.0 .0 1 6. 1.919

PwlTO1 0 I 611 0 ft 0 I 0vi

PAil*~ 6.6 1.211 6.6 0.0 6.6 0.106.0 0.0 0.2"6

OPIWIS 0 409 :942 2431 1 0 0 0 61
PAiTE/10 0.0 0.0 0.0 3.861 0.0 0.0 06.60.0 IM94
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IPOTIOMI 0 223 Mil M7 I I I I Vill
FATEn1s 0.0 0.0 9.940 0.0 6.0 0.0 0.0 6.0 L.OO

EmIIs 0 2 9 0 0 2 6 14
P151136 0 2734 10033 9637 1 g 373 I 2u0m
SATE/noi 0.0 3.U 1979.3"9 0.0 0.0 5.445 0.0 L.m7

[VMTS 1 2
16151011 0 12419 10M9 445 1 443 144271 0 44272
Smim 0.0 0.6 0.0 1.0549.0 22.573 6.0 6.0 0.432

EUS 0 I 0 2 6 0 0 0 3
ww5736 0 3424 0 2741 * 0 122 0 3Ot
SATIN 0.0 2.919 0.0 7.22 0. .0 0.0 4.750

Is I

omUtilll 6 1126 1 0 01 01 0 I*

FATV1O5 0.6 2.717 6.0 0.0 0.0 06 0.0 0.0 2.64

omUit=S 0 Mel 9761 Ml3 1 6 32 IN
SmtillS 0.46. 0.6.049 0.0 1.0 0.0 0.0 0.0 Lop5

WWII" 1 10 NO 1 0 0 w * 405
ORIIN 4.0 0.0 7.15 0.0 0.0 0.0 6.0 0.0 #641
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EEL



AINWi BIM IN3TIU MR3, WoinT AM IUETIUN NA7ff IS IATISI P? AINONT "MI

1 4 5 6 1 1 09-AL

21 C1
meWtS I 1 5 0 0 0 0 12
IPM T11 0 4463 0939 5793 9 0 6241 0 4765
1A104 0.0 2.449 2.640 3.799 0.0 0.0 6.0 6.0 2.551

waTs I 6 I 0 0 * * 4 1
PEST!SS I 0 I 7IM 0 0 0 0 0 279
RM1101 0.0 *.4 5.55 f.# 1.0 0.0 0.0 0.0 5.559

EUI 0 1 0 3 0 0 0 0 4
DMArIM I 26n17327 3257 a 0 140 a 735
RIT/IS 0.6 3.105 0.0 9.211 0.0 6.0 0.0 0.0 3.095

24 K1
EWNIS 0 0 4 5 0 1 0 I0
PERITIONS 0 1464 6749 U&74 0 * 12" 0 1729"
RITEII1OI 0.0 0.0 5.92 6.520 0.0 0.0 7.6911 0.0 5.327

EvEUTs 0 1 1 1 0 0 0 0 3
PIITlm 0 2421 14"? 94 0 0 0 0 3607
INEI 0.0 7.037 6.368 10.412 0.0 0.0 0.0 0.0 7.UO

fWUT 0 I 0 2 0 0 0 0 3
PIMTIUIS 6 1420 U47 2973 0 0 0 0 5890
Uff/te. 0.0 2.924 0.0 10.1:7 0.0 0.0 0.0 0.0 5.093

EWET 0 0 3 0 0 0 5
Pturtm 0 0 0421 3231 0 0 0 0 5739
RItE/lOU 6.0 0.0 1.410 91.463 0.0 0.0 0.0 4.0 3.%2

21 in
EW s? 0 0 0 0 0 0 2 0 I
OPERTISS 0 M37 IA0 171 0 0 54 0 4430
MARTE/IS 0.0 0.0 0.0 0.0 0.0 0.0 235.265 0.0 2.257

[VMS, 0 1 0 0 0 0 0 4 1
wMIunM 6 in 1 * 0 0 6 0 2IN
lATE/I9 6.0 9". 233 S.0 0.0 0.0 0.0 0.0 6.0 9".231

;0E? 0to 0 0 0

V1111I1011 0 2027 264115 2950 31 27 5490 0 21176

NAM/21 0.0 0.973 0.0 6 6.0 4.01 0.0 0.0 0.4n2
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AIPS: 301 IU TIUEVENTS, OPEIMTIUNS AII3 TIUN UTES/IN WEMTIUI P AIKUFT TYPES

1 2 3 4 S & 0081-11±

EVENTS 0 0 6 2 0 0 01
WFUTION 0 2046 am4 4a7 0 6I So 34012
34711101 6.0 0.0 6.0 4.1174 0.0 0.0 6.0 0.0 2.370

12 FOEVENTS 0 4 0 # I
UI~tIhNh 0 5544 102r9 394 11 0 2744 6 27102
3471,101 0.0 5.414 0.971 3.963 0.0 0.0 0.0 0.0 2. 909

EVENTS 0 S 0 1 0 0 0 0 1
OPENlthim 0 111 0 15217 0 4 9 0 1724
RSIC/IS 0.0 0.0 0.0 6.309 0.0 0.0 0.6 0.0 $.N6o

34 PCI
EVENTS 0 0 4 1 0 0 0 0 1
OPENATIONS 0 113 113 2246 0 0 0 0 452
Utf1101 0.0 0.0 0.0 44.216 0.0 0.0 0.0 0.0 22.124

z FIN
EVENT6 0 I a 0 0 0 0 0 1
WIPEAI=N 0 61011 0 394 0 0 34 0 2739
UTE/iS1 0.0 4.973 0.0 0.0 0.0 0.0 0.0 0.0 3.451

U4 PLk
EVENTS 1 0 0 0 0 0 1 0 1
WWITIIII 0 138 691 0 91 0 9024 0 134
STE/ON 0.0 0.0 0.0 0.0 0.0 0.0 1.101 0.0 0.742

17 AM
EVENTS 0 1 0 1 0 0 0 1
WI*I= 0 763 147421 1921 0 0 11:41 0 47130
RSTE/IS 0.0 1.271 0.0 0.502 0.0 0.0 0.0 0.0 0.4&76

EVENITS 0 1 1 0 0 2 0 12
pmarim 0 4 1 13 4402 0 0 976 0 6249
lfT/IS 0.0 .960 S.'05 IS."0) 0.0 0.0 2.044 0.0 5.217

MIETS 0 0 2 2 0 0 0 0 4
OPETISS 0 7747 2900 4944 0 06 "49 0 11231
STE/Ift 0.0 0.0 7.123 2.871 3.0 0.0 0.0 0.6 2.194

up
EVENTS 0 0 0 1 0 0 0 0 1
WWII= 281 304 0 1741 0 0 0 0 3
Ulf/Iot 0.0 0.0 0.0 3.422 0.0 0.0 0.0 0.0 3.243
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EVOTS 0 0 1 0 S 0 0 0 1
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43 N
EWUTS 0 0 0 0 6 0 1 0 1
W13ItSUI 0 0 0 522 6 0 SIM 0 no0
3471/10 0.0 0.0 0.0 0.0 0.0 0.0 3.299 6.6 4.973

44 WS
MOS 0 0 1 4 0 0 0 0 5
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PATE, 109 0.0 0.0 1. 19 1."94 0.0 0.0 0.0 0.0 L.24

45 No
EVIS 0 51 0 0 0 0 0 0 5
PIIM 0 1190 4M3 3495 0 0 9 # 17379
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fWUI 0 3 1 to 0 0 1 0 is
OPPAMTM 0 9376 5773 29614 0 0 2027 0 4174
MUM/10 0.0 3.033 L.731 3.348 0.0 0.0 4.933 0.0 2.277

47 l
ElmI 1 0 5 0 0 0 0 0 5
PISTIM 0 0 32:2 0 0 0 0 0 323
UffiSoE 0.0 0.0 15.470 0.0 0.0 0.0 0.0 0.0 55.470

IWINS 0 1 a 0 0 0 0 0 5
w113i53 0 4475 0 290 6 no0 725 0 t04m
WINK1 0.0 1.545 0.0 0.0 0.0 0.0 0.0 0.0 0.954

49 IN
IWUT 0 31 0 0 0 0 0 3

VWT1 0 4095145 [is 324 0 279 3550 0 1439
Rf11105 0.0 Cm92 0.0 0.0 0.0 0.0 0.0 0.0 2.004

50 ItT

WMt 0 1707 553 474 0 0 Is? 0 235
3411110 0.0 5.0 0.0 25.097 0.0 0.0 0.0 0.0 7.05



IIIWUv r I .. ,,:. EVU , VWTIW N I M iON URAn/s WWTII= IT *1KCW7 TWO

Alum- MTEFI19 -- )

I 2 3 4 S 4 I I 0-L

flINT S 0 0 3 0 0 1 1 3
1913111 I 1o3 2w4 SIM 0 0 12452 0 25119
MATE1IOI 0.0 0.0 0.0 3.49 6.6 e.g 0.0 0.0 1.194

EVENTS 1 5 1 12 0 * 5 * 23
WPIYIS 0 30411 W07 13330 1 4w 27441 114069
RAWSON 0.0 1.444 2.042 2.250 0.0 0.0 1.50 0.0 1,97

EaIts 0 0 0 4 0 0 0 1 4
optIMTIPS 0 1332 10302 44" 0 0 31 0 W41M
Mu1SO 0.0 0.0 6.0 1.909 0.0 1.0 0.0 0.0 2.474

54 9114

HKUTISS 0 3422 73 1144 0 0 0 0 441
PM11iIOI 0.0 11.2 3 0.0 0.0 0.0 0.0 0.0 0.0 4.197

Mrs 111 t

WIWaI=S 0 4113 3w0 3m9 0 0 209 0 17013
PATE/IOU 0.0 0.0 3.430 7.149 0.0 0.0 14.348 0.0 5.371

IP(3*IM 1 0 0 21113 0 0 1042 0 4025
RAT1110U 0.0 0.0 0.0 .0.0 0.0 0.0 5.429 0.0 2.484

EwJIT 0 0 I 0 0 0 0 0 1
PIUTISS 0 14 W5 0 0 0 1169 1 It'"
PATI/IOU 0.0 0.0 17.9m3 0.0 0.0 0.0 0.0 0.0 5.747

EwUT 0 0 0 1 0 0 0 0 1
P110111111 0 3420 file 215 1 0 1649 0 14217
MA1E110r10.0 0.0 0.0 3.124 0.0 0.160.0 0.0 0.417

59 LAS
2lNT 03 2 0 040 7

1913111 11 $430 is?# 32124 0 04 211"9 0 103027
MATI/lW1 0.8 1.143 0.0 0.423 0.0 0.0 0.0 0.0 0.479

40 LCA

09315 6 429 0 0 0 507 0 934
FATE/lW 0.0 0.0 0.0 0,0 0.0 0.6 0.0 0.0 10.404

UI-6



AIrwOT: gUui INKSTIN EVETS, WIRATIOhS An INMEIUE RATES/ISK UTIM IV AIKUT TYPEs

1 2 3 4 5 4 7 6 00-AL

EVENTS 1 0 3 0 0 1 1 0 4
opENAtfIS 0 4m6 14545 6 121 1653 4593 0 70
I'VEiSl 6.6 0.0 2.063 0.0 0.0 0.0 1.516 6.0 .41

421LIN
(EETS 0 2 0 1 0 1 0 0 1
OPIITIM 0 1357 0 3M0 0 0 Ion3 0 13925
RATE/10S 0.0 2.652 0.0 2.541 6.0 0.0 0.0 6.0 2.154

43 USE
EVENTS 1 1 2 0 0 0 0 0 3
OPIUITW 0 554 2021 0 1 S 0 0 2577
lATE/IS1 0.0 17.90b 9.6 0.0 0.0 0.0 0.0 0.0 13.441

4 LIM
EVENTS 1 0 0 10 0 5 3 0 13
SPERATIS 0 2977 11297 32592 I235 0 14412 0 44731
IMMEIX 0.5 0.0 0.0 3.0OW 0.0 0.0 1.06 0.0 2.0W1

45 LIN
EVENTS 0 1 0 0 0 0 1 1 I
OPEIATIOWI 0 2006 0 1573 0 0 104 0 542
RATE/lOS 0.6 0.0 0.0 0.0 0.0 0.0 9.434 0.0 1.777

44 LIN
EVENTS 0 I 1 0 0 0 0 0 2

IEATIM 0 0 W04 0 0 0 195 0 2247
STE/lOR 0.0 0.0 4.55M 0.0 0.0 0.0 0.0 0.0 6.96

67 LI!
EVENTS 0 6 0 1 0 0 I 0
PERATIW 0 1"17 399 lip4 0 0 940 0 4414
RATE/ISl 0.0 0.0 0.0 3.446 0.0 0.0 10.633 0.0 1.1t 10

id LIS
EVENTS 0 2 0 1 0 0 0 0 3
IPIRTIM 0 452 .20 40 0 0 0 0 793
RATE/IS 0.0 3.47 0.0 4.944 0.0 0.0 0.0 0.0 S. I"

49 LPA
EVENTS 0 0 2 4 0 0 0 2
IERATIUS1 0 42 1163 1140 0 0 0 0 274
RAT1114S 0.1 0.0 17.197 6.0 0.0 0.0 0.0 0.0 ?.;42

EVENT!m 0 13 0 0 0 0 lu

RAEI 4.0 001 0.0 23.923 0.0 0.0 0.0 0.0 17.9%4
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IW T1 JIMK INOETIIE EVET &WTI=S 40 INKITION StES/lft WENTIMI IN AIK3U1 tYES

(---.---- *I15W TMP ---

I 2 3 4 5 1 7 0 WA-LL

71 LYS
[VMNS 0 2 0 1
UPETIONS 0 9 3071 401 1 0 0 4 3

72 11A
EVIATS 0 0 2 0 0 0 0 0 2
UEIATIOS 0 461 2112 1 0 0 0 0 32W
STE/Ill 0.0 0.0 7.114, 0.0 0.0 0.0 0.0 0.0 6.091

73 NU
EVIXTS 0 1 0 0 0 0 0 0 I
OPESTIOS 0 493 7184 545 0 0 UI 0 20335
STE/Ill 0.0 1.441 0.0 0.0 0.0 0.0 0.0 0.0 0.492

74 NL
EVENTS 0 1 1 3 0 0 0 0 4
IPEDTIMN 0 1704 549! 1048 0 0 0 0 17720
STEI1ll 0.0 0.0 1.121 ,."41 0.0 0.0 0.0 0.0 2.257

EVENTS I 1 0 0 0 0 0 0 1
PESTIMI 0 11372 0 3574 0 0 2119 0 17044
UTEIIO 0.0 0.179 0.0 0.0 0.0 0.0 0.0 0.0 0.504

EVENS 0 0 0 0 0 1
UEPATIUS 0 20 0 0 0 0 0 0 20
IAT/lOr 0.0 4.505 0.0 0.0 0.0 0.0 0.0 0.0 49.515

77 II
PUETS 0 1 1 0 0 1 a 5
OPESTISO 0 151"1 13477 1001 -97 714 25946 0 44913
STE/lOS 0.0 0.450 1.529 0.9"4 0.0 0.0 0.385 0.0 0.1170

EvENT 0 01 0 2 0 0 0 0
OPEAtIS 0 349 4021 4142 0 21 1119 0 15551
STE/IS 0.0 0.0 0.0 S. 244 0.0 0.0 0.0 0.0 1.204

EvENT 0 I I 1 0 0 0 3
oit"I 0 0 1442 0 0 0 0 0 2442
STE/Ill 0.0 0.0 20.001 0.0 0.0 0.0 0.0 0.0 20.004

PUT 0

PESTISO 4 971 407 1221 0 0 0 1 9071
Sit/Il 0.0 1.0 2.917 0.0 1.0 0.0 0.0 0.0 2.2M

4 

U-.



Aewur es IMINSrION EEtS, PRATIOm AM0 11usTIRm RAriiION WENM l iiAmacat TMIP

2 2 3 4 3 4 7 1 OVEIIU.

FWET 0 1 0 0 0 0 6 6 1
OPENATIMI 0 20766 0 2514 0 143 122 0 1In"
*AW1/09 0.0 4.927 4.0 6.0 CO.0 .0 0.0 0.4 0.737

12 SY
EVENTS 0 6 0 0 0 0 1 0 1
P[NTION 0 29 I 1 24 234 40il 6 447
RM/IIO 0.0 6.0 0.0 0.0 0.0 6.6 2.412 0.0 2.M3

63 ITY
EWUTS 0 1 0 0 6 0 0 6 1
0PERATIIU 0 2747 0 6 0 0 0 0 2767
RATE1109 6.0 3.614 0.0 0.0 0.6 0.0 0.0 0.0 3.414

64 NO,
EMETS1 0 6 0 1 0 0 0 6
PMUTIfh5 0 667 771 470 0 0 35 6 2243
NATE/1OS 0.0 0.0 0.0 212.277 0.0 0.0 0.0 0.0 4.623

nom
EVETS 0 0 0 5 0 0 0 0 3
OPENAT IsI 6 0 6 39147 0 6 0 39247
NATE/lO 0.0 0.0 6.0 1.2170 0.0 0.0 6.0 6.0 1.274

[waNs 0a 0 2 0 0 0 0 2
opE3ATION 0 37I0 34 256 6 0 0 46 449
R/le 6.0 6.0 0.0 7.129 0.0 0.0 0.0 6.0 2.917

EMrNs 0 2 0 7 0 0 0 0 1
WENATIONS 0 2274 0 3492 0 0 0 0 7747
AT/1lB 0.0 4.3S94 6.0 U. IN 0.0 0.0 0.0 6.0 !0.100

IPERTISS 0 477 7944 449 0 0 442 0 9734
NATE/lu 6.0 0.0 2.517 0.0 0.0 0.0 0.0 0.0 2.05M

EVENS 4 2 0 6 0 0 I 0 2
WENATIM 6 123 342 56 6 0 3m6 0 4m4
MTE/lU 0.0 11.341 0 0.0 0.6 0.0 2.541 0.6 4.499

EMT 0 0 0 2 0 0 4 0 5
wuauIM 0 0125 6" 0SI #3m2 0 342

1AEl . . .0 7.407 0.0 0.0 10.750 0.0 L.331



AtT Mis towns mm, rim - me n lws IToNe wmrn p, noaw ?n

(-- AIEW tot

1 3 0 4 6 1n .

91 oil

itn 0 1127 Is 344 0 0 0 0 1504
VMii;,. $.I I.P3 0.0 0.0 0.0 0.0 0.0 0.0 L4.44

92. OR

wm m 0 W 234 * * 0 1 0 442
4041101 0.0 6.0 42.171 0.0 0.0 0.0 6.0 6.6 21.645

SI! 0 0 0 2 0 0 0 0 2
vINIIIIIII 0 7409 i 21462469 0 0 1223 0 53740
515121 0.0 0.6 0.0 0.449 0.0 0.0 0.0 0.0 0I=

94 ON

wm~rn * IV5 0 129 1 0 0 0 3666
511124 .0 3.3 0.0 0.0 6.0 0.0 0.0 0.0 3.244

95 014
Oml 0 I 0 I 0 2
W1T1M 0 3015 140 4101 0 0 1140 0 1206
MR1/NI 0.0 L:17 0.0 2.2109 0.0 0.0 0.0 0.0 1.53P

4~l 2 0 I 0 0 0 0 2
um 0 51479 2m 1#170 73 2P03 457 I 7940

"amS 0.0 0.37 0.0 0.0 0.0 0.0 0.0 1.0 0.251

97 It"
tw0o1 4 1 1 0 0 2
90101 2299 30M2 671 0 0 1490 0 4169

3.00 00 .0 L 5.019 0.0 0.0 0.0 0.0 3.277

#o 11026 JIM6 22101 0 0 l0ow 0 uin
mumO 0.0 0.6 co0 1.060 0.0 0.0 0.555 0.0 1.0

61111 0 0 2 0 0 0 1 0 2
00 101 1 49 3360 0 0 441 0 441

INUM 0.0 0.0 MN L.0 0L0 0.0 0.0 0. 0.40

ip-so



IRPTi 13 IUIEITION 1NI, OPEUTW MI INMESTIIN 340/309 WPATIOUI P AIK3WT TWog

(---AIKWcMYK -----

lot PK.

WENTI~NS 0 4436 1"?7 929 o its 7237 0 17013
FAME 141 0.0 0.0 0.0 0.0 0.0 0.0 4.13 0.0 1.743

1016 PIS
MIUS 0 0 0 0 1 1

OP0*73WO 0 1333 207 543 0 0 2212 0 437's
TE, 109 0.0 0.0 0.0 0.0 0.0 0.0 4.521 0.0 2.204

101, Py'

POATISNS 0 m5 0 242 0 0 1163 f 377
447113" 0.0 0.0 0.0 30.168 0.0 0.0 0.0 0.0 2.609

104 PUS
EVENTS 0 0 1 I 0 0 0 0 2
OPERATION 0 794 3794 0 1 0 0 0 23"
3*11/10' 0.0 0.0 3.500 0.0 0.0 01.0 0.0 0.0 7.72M

10#4 Sri.
EVENTS 0 0 0 3 0 0 1 0 1
OPfAT I=S 0 O72 2M let# 0 1 1193 0 4100
N*71/100 0.0 0.0 0.0 9. C3 0.0 0.0 0.0 0.0 2..'"

1oo SCa
EVENTS 0 0 0 0 0 0 0 I
P0471610 0 0 0 It 0 0 3
PATIlO" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 200.000

10' 3*

IPSATIM 0 1429 300 330 3) 240 4744 0 U0101
SfE116 0.0 0.0 0.0 Is0? 0.0 0.0 0.0 0.0 a.",

EWDI 1 0 4 1 0 0 0 0 1
P0f1111 0 2444 4737 71l 0 43 37 0 173n
FATIllSt 0.0 0.0 0.0 1.279 0.0 0.0 0.0 0.0 6.377

IPITIUI I 26M7 290 3100 0 I11 30 0 5131
N511/146 0.0 0.0 0.0 3.09 0.0 0.0 01.07 0.0 0.77

190390 a 0 0 3 1 0# 0 IM

Willa0 0.0 0.o 0.0 4.9a4 0.4 4.0 0 0.0 4.92.A



aIMPOr. lIU M~IN EETS, PENTIUM ANl INESTIM MITESIa OPNTIS P 4ICDUT ME!t

1 2 3 4 5 7 1 I4LI.u

wwr'Im 0 93n am72 two0 0 0 16*47 0 oMI
571:10K10.0 0.0 0.0 0.553 0.0 0.0 0.0 0.0 0..2,19

EVNTS 1 a 0 4 4
PEUTIUMS 0 1.1 0 2433 0 0 0 0 274

PAREIIO 0.0 74. Z6 0.0 11.394 0.0 0.0 0.0 0.0 14.472

EVENTS I 1 0 0 0 0 0 0 1
IPATIIEU 0 431 630 0 0 0 0 0 711
FATE/I011 0.0 62. NO2 0.0 0.0 0.0 0.0 0.0 6.0 14.61

114 ITO
EVENTS 0 0 1 0 0 0 0 0 1
PERTIUI 0 0 1,10! 0 0 0 0 0 131,
PAIVII 0.0 0.0 ,.Sol 0.0 0.0 0.0 0.6 0.0 7.31

[is mi
EVENTS a 0 1 0 1 0 0 0 1
PENAII 0 0 *178 0 1 0 0 11 7373
EAT!149 0.0 0.0 LASo 0.0 0.0 0.0 0.0 0.0 4. 65

Ili sit
ErimT 0 0 .1 0 0 0 0 0 .1
PINTISI 0 0 457 0 0 0 0 0 437
EAT/IS1 0.0 0.0 30.441 0.0 0.0 0.0 0.0 0.0 :0.441

EVEMT 0 0 6 0 0 0 0 1
wIWSI 0 6444 4769 18119 0 0 0 0 V'41%
11111 0.0 0.0 0.0 L.217 4.0 4.0 0.0 0.0 2.171

CUMNT 1 0 1 0 0 0 0 0 1
WWII= 0 21.9 1703 71, 0 0 0 0 475
II1n116 0.0 0.0 61.701 0.0 0.0 0.0 0.0 0.0 L.09

119 I.I
[VailS 0 0 5 11 0 0 0 1 4
EENTIW 0 0 n57 0 0 0 0 0357

PA1141 0.0 0.0 11.991 0.0 0.0 0.0 0.0 0.0 16.793

Sf/0 0.4 0.0 0.0 7.30 0.0 0.0 0.0 0.0 Ma22



AIAWT 3213 IfESTIN EVENTS, WpIlOms S llIE5TIN PATES;IOW OPERATIOS IV AIRCRAFT TYPES

----- 411CWT TV[f .....-
3 4 3 4 7 3 00E-ALL

W2I To [V S 0 0 0 4 0 0 0 0 13

DM1/iow .06.0 0.0 15.244 0.0 0.0 0.0 0.0 13.244

WERATIONS 0 20,41 734510"4 0 II, 442 0231730
571'106o 0.0 0.0 0.0 1.673 0 0.0 0.0 0.0 6.774

EMETS 0 0
PERA11030 0 0 103 1 0 0 0 0 2033
PAT1 10 0.0 0.0 11.957 0.6 #.0 1.0 0.0 0.0 16.937

IMETS 4 0 0 1 0 1 0 0 1
P6111I:11 0 0 0 191 1 6 1 0 293
111111114 4..) 0.0 0.0 31.3 0.0 0.0 0.0 0.0 31.113

1.5 TLEVNS 0 1 0 0 0 1 0 0 1
PlEPA1131 0 24 0 11 a 0 # 0 32
IATE/101 4.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 192.30

EVENTS 0 0 1 0 0 0 0 0 1
PIMYISIS 0 0 1:75 0 0 0 14 0 142
NEYE/OU 0.0 6.0 7.? 0.0 0.0 0.0 0.0 0.0 4.752

EVNS 0 2 0 2 0 0 0 0'1
WPTIOII 0 2470 0 175 0 0 39 0 42479
RE I Nil 0.0 4.041 0.', 3.714 0.0 0.0 0.0 0.0 4.674

122 111
owlNT 0 0 1 2 0 0 0 0
IPI3TImI 0 11 734 1549 0 0 0 0 2572
MfgiIl 0.0 6.0 12.735 7.20M 0.0 0.0 6.0 0.0 1.4:5

WWII= 0 I 1 0.1 0 0 1 1

EflVNo 0.0 0.0 0. 34.415 0.0 0.0 6.0 0.0 361.415

13011.I

pwilmY 0 4202 no30 220 0 0 0 29247
MUt/IS 0.0 0.0 0.0 0.034 0.0 0.0 0.0 0.0 0.342

fl-I



AIwui 1tM Imnis 101s. VOIuMa Ws IMSINs IMIWNu VWm: P~ ANVAP i

(--- 4IWT iM
1 2 3 4 5 1 to-L

131 InO
mg621 ti, 34 4 0 0 17 6 134

FATUIN 0.0 *. 4.6 6.6 6.0 0.6 6.0 6.6 6.6

MrIs 4 4 7 1 1 1 S 2!
WirTsIN 1 6 6 1 4 1 6 0 6
FArEi4 6.0 0.0 6.6 0.6 0 6.6 0.0 6.0 0.0

EWIT 1 4 1 29 6 6 11 6 47
PEINITISS 0 0 6 6 0 6 6 6 6
FATE/ISA 0.0 6.6 *.0 6.6 0.0 0.6 0.0 0.0 6.0

EmIs 0 1 0 1 0 6 I 6 2
IPITISI 6 3762 647 ils 6 6 1403 6 1IM2
ShE/lO( 0.0 1.0 M6. O .40.0 0 7.123 6.0 1.092

235 VA.
(WTS 0 0 1 4 6 4

WISTIUI I is 7 197 0 IN 5371 6 7401
PA1125 0.6 13.46 6.6 30.7610. 6.6 7. .447 6.0 L.52

(WmlT 6a 1 2 6 7
II'lsTI 6 2414 6 3039 0 241 3450 6 9244

MTE/lu . 6.6 0 60 13.162 6.0 42.122 3.m 1.0 7.551

(WilT 6 0 0 0 6 0 1 0 1
ONTIM 0 224 0 242 0 134 3634 0 5746

511/IU 6.6 6.0 0.0 0.0 6.0 0.0 3. 29646.0 1.740

INTIM I 737 3i3 532 420 22473 s 2493
unnol .o I.=5 6.0 s.73 0. 6.0 2.156. 2.402

PST~m 6 7737 74 4366 1 6 916 0 13124
SIMll 6.0 2.53 6.6 4.531 6.6 0.6 6.0 6., 3L44



APPENDIX I

ENGINE DAMAGE PICTURES



FPIGUR 1-1. TIPICAL VAW PYUT3 (CATUGOT 2)
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FIGU3Z 1-2. TYPIC" AN& M Mgl~ (CATEGOR 4)
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TRANSVERS

j 116U33 ~1-3. 1TPICAL WANAG uPuuf (CATUGOT 5)
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-. - FIG=R 1-4. TVPIC*L MMAGI 31337 (CArbom? 6)
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BROKEN COMPRESSOR BLADES

It"

FIGURE I-5. TYPICAL OAK#= EVUZT (CATUGOS 7



FIGURE 1-6. TYPICAL DAMG3 EVENTS (CATEGOR 8)
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